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(57) Abstract 



The present invention relates to novel cephalosporins of formula (I), wherein Rj represents AC r C 4 alkyl group or (a), 
wherein R 2 and R 3 , independently, represent hydrogen or a Cj - C 3 alkyl group and R4 represents hydrogen or a C j ~ C 4 al- 
kyl group; R la represents hydrogen or an amino-protecting group; Q represents CH or N; and formula (f5) represents a satu- 
rated or unsaturated heterocyclic group which contains I to 4 nitrogen atoms of which one is substituted with an amino group to 
form quaternary ammonium, and oxygen or sulfur, or a fused heterocyclic group thereof formed together with a substituted or un- 
substituted benzene or an optional heterocyclic group, or a pharmaceutically acceptable salt thereof, to processes for preparing 
the same and to a pharmaceutical composition containing the same as an active ingredient The compounds (I) according to the 
invention exhibit potent antibacterial activity and broad antibacterial spectrum against the Gram-positive strains including Sta- 
phylococcus as well as Gram-negative strains including Psevdomonas, and, therefore, are expected to be very useful in treatment 
of various diseases caused by bacteria] infection in human beings and animals. 
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NOVEL 3-SUBSTITUTED CEPHEM COMPOUNDS AND 
PROCESSES FOR PREPARATION THEREOF 

Field of the Invention 

The present invention relates to novel cephalosporins and 
pharmaceutical ly acceptable salts thereof, which are useful as 
antibacterial agents. The Invention also relates to processus Tor the 
preparation of the sane, to a pharmaceutical composition containing at 
least one of the sane as active ingredients and to a use of the sane for 
treatment of diseases caused by bacterial infection in human beings and 
animals. 

Background of the Invention 

Hereto, it has been known that as antibiotics a great variety of 
cephalosporins having the basic skeleton of the nucleus of the 
forrauia(A) : 



1 



20 




U> 

have effective antibacterial activities and widely used as antimicrobial 
25 agents for infectious diseases caused by various Gram positive and Gram 
negative strains. 

A variety of cephalosporins whose 7-position has 2-aminothiazoly 1 
acetamino group substituted with a-oxyimino group have been known. 
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Particularly, the foJ loving compounds exhibiting strong antibacterial 
activities against the enterobacteria have been reported: Cefotaxime in 
USP 4,152,432 and 4,098,888; Cefmenoxime in USP 4,098,888 and 4,476,122; 
Ceftriaxone in USP 4,327,210; Ceftazidime in USP 4,258,041 and 
5 4,328,453. 

These compounds, however, show relatively weak antibacterial 
activities against Staphylococcus when compared with Cephaloridine in 
French Patent No. 1,384,197 or Cefazoline in USP 3,516,997. 

Moreover, Ceftazidime exhibits poor antibacterial activity against 
10 Staphylococcus , although its antibacterial activity against Pseudomonas 
is relatively stronger than that of other known cephalosporins. 

The present inventors have made intensive researches to prepare 
cephalosporins having improved antibacterial activities against 
Staphylococcus with strong antibacterial activities against Pseudomonas . 
15 As a result of prolonged studies on numerous cephalosporins, we found 
the 3-substituted cephem compounds show superior antibacterial 
activities against both of Staphylococcus and Pseudomonas , 

Summary of the Invention 
20 An object of the invention is to provide novel cephalosporins 

represented by the formula (I)- 

0 




C00" 
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5 



10 



15 



20 



25 



wherein, 

Ri represents a Ci—C4 alkyl group or - C - COOR4 wherein, R 2 

R3 

and R3, independently, represent hydrogen or a Ci— C3 alkyj group and 
R4 represents hydrogen or a Ci~~C4 alkyl group; 

Rt« represents hydrogen or an amino-protecting group; 
Q represents CH or N; and 

the substituent of the fornula /*+ "\ represents a 




saturated or unsaturated heterocyclic group containing 1 to 4 nitrogen 
atons of which one. nust be substituted with amino group to forn 
quaternary amnonium, and oxygen or sulfur atons, or a fused heterocyclic 
group thereof formed together with a substituted or unsubstituted 
benzene or optional heterocyclic group, 
and a pharmaceutical ly acceptable salt thereof. 

The other object of the invention is to provide processes for 
preparing the cephalosporins of the fornula (I). 

The another object of the invention is to provide pharmaceutical 
compositions containing at least one compound of cephalosporins as 
active ingradients. 

The another object of the invention is to provide a use of 
cephalosporins of the formula (I) for treatment of the diseases caused 
by bacterial infection. 

Detailed Description of the Invention 

The novel cephalosporins according to the invention nay be 
represented by the following formula (I): 
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(I) 



wherein, 



10 



15 



20 



25 



Ri represents a Ci—Ca alkyl group or - C - C00R 4 wherein, R2 and 

R3 

R3, independently, represent hydrogen or a Ci-~C 3 alkyl group and R 4 
represents hydrogen or a C1---C4 aJkyl group; 

Rio represents hydrogen or an ami no-protecting group; 

Q represents CH or N; and 



the formula 



NH? 



represents a saturated or unsaturated 



heterocyclic group containing 1 to 4 nitrogen atoms of which one must 
be substituted with amino group to form quaternary ammonium, and oxygen 
or sulfur atoms, or a fused heterocyclic group thereof formed together 
with a substituted or unsubstituted benzene or optional heterocyclic 
group. 

The examples of the 3-position substituent } nay include 

1-aminopyrroiidiniun methyl, 
1-arainopiperidinium methyl, 
(4-aminonorphol in-4~ium)methyl , 



B ' DOC«n : < o 92009 1 1 I 



WO 92/00981 



PCT/KR91/000t2 



(1-amino-l ,2,3, 6-tetrahydropyridiniu») methyl , 

(l-ajiiino-3-pyrrolln-l-ium)methyJ , 

1-aninoindolinLun methyl, 

1-aninopyrroliun methyl 
5 1-aninoindolium nethyl 

(l~amino-4-hydroxypi per idini urn) nethyl, 

(2-amino-l ,2,3, 4-tetrahydroisoquinol in~2-iun) nethyl , 

( l-amino-l-raethyi-4-piperaziniura)net}iy 1 , 

( 4-am ino-l,2,4-tri azo 1 - 2- i un ) ne t hy 1 . 
10 (l~amino-l , 2, 3-triazol-3-iun)raethy 1 , 

( 1-amino-l , 2, 4-triaza 1-4-ium) nethy I , 

( 1-aml nobenzotriazo 1 -3-i un ) nethy 1 , 

(l-aminobenzinidazol-3-iun)nethyl, 

(l-aminoinldazol-3-iun) nethyl, 
15 (l-aminopyrazol-2-ium) methyl , 

(l-aminotetrazol-4-iun) nethyl , 

(1-amino-l ,4.5. 6-tetrahydropyrinidin-3-iun)nethyl and 
(l-aminoindazol-2-ium)methyl . 

The C-7 position of the fornula (I) nay be 



20 



25 



by - C - £ - <i 



represented by - C - C - (syn(Z) isomer) or by - C - C- (antl(E) 
fl-ORi Ri 0-1 

isoraer). Hovever, generally, the syn isoner is preferred. 

For the present invention, both of the starting materials and the 

products are syn isomer. 

The pharmaceutical ly acceptable salts of the compounds (I) are 
conventional non-toxic salts and may include an inorganic acid salt 
(e.g., sulfate, hydrochloride, hydrobroraide, iodide, phosphate etc.), an 
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organic carboxylic acid salt (e,g. , acetate, maleate, tartrate, 
fumarate, citrate, succinate, malate, lactate, oxalate, etc.), a 
sulfonic acid salt(e.g., methanesui fonate, benzenesulfonate, 
p-toluenesulfonate, etc.), a salt with a basic, or acidic amino acid 
5 (e.g., salts with arginine, asparagine, glutaraine, lysine, etc.), an 
inorganic salt, for example, metal salts such as an alkali metal salt 
(e.g., sodium salt, potassium salt), and an alkaline earth metal salt 
(e.g. magnesium salt), an ammonium salt, and an organic salt, (e.g., 
trimethylamine salt, triethyl amine salt, pyridine sait, procaine salt, 

10 picoline salt, dicyclohexyiamine salt, N-methylglucamine salt, 
diethanolamine salt, triethanolamine salt, pheny iethylbenzylamine salt, 
dibenzylethylenediaraine salt, etc.). 

For the present invention, an inorganic acid salt such as sulfate or 
hydrochloride and an organic acid salt such as maleate or fumarate are 

15 particularly preferred since they are formed stable crystalline salts of 
the cephalosporins(I) 

According to the present invention, processes for preparing the 
cephalosporins(I) and pharmaceutical ly acceptable salts thereof are 
provided. 

20 The cephalosporins according to the invention nay be prepared by the 

following processes: 



25 
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The First reaction schene: 



5 



10 



15 



20 




(I) 

Wherein, 

25 Ri and Q are the same as defined above; 

Rn represents hydrogen or an anino-protecting group; 
Bi represents hydrogen or a carboxyi -protecting group; 
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q represent integer of 0 or U 

NH: 



the fornula 



is the sane as defined above; and 



the dotted line means ceph-2-en or ceph-3-en conpound. 

In the first reaction scheme, the compound of the fornula (II) as an 
intermediate may be synthesized by the following procedure: 



10 



15 



20 



25 




(V) 




(IX) 




NH 2 

or * — 



© 



(iXa) 
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Wherein, 



Bi, q, 




and the dotted line are the same as defined above; 



5 X represents a leaving group, which is halogen or an acetoxy group? and 
A represents an aaine or imine group which are protected by amino 
protecting groups* 
The second reaction scheme ' 



10 



15 



0 

II H 
C-C-N 



C00B! 



(VII) 





or 



(IX) 



Y 
(iXa) 



20 



25 



J O 

R^'As^ n 



s- 

(IV) 




i 



COOBj 



0 

II H 

N-^- C-C-N v /S 

COO" 




(I) 
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Wherein, 



Ri, Ri 



Q, Bi, q 




and the dotted line are the sane as 



10 



15 



20 



defined above; and 

W represents a residue which may be substituted with nucleophi le . 

In preparing the compounds of the formula (I) according to the first 
or second reaction scheme, any of the following steps can be suitably 
conducted, if necessary: 

(i) Removing of carboxyl- or amino- protecting group 

(ii) Conversion of A 2 isomer to A 3 isomer, or vice versa 

(iii) Conversion(Reduction) of sulfoxide compound (q=l) to sulfide 
compound (q=0) 

(iv) Formation of non-toxic salt 

Preferred compounds of the formula (II) and (VTI) in the above first 
or second reaction scheme are those compounds in which q is 0 and the 
dotted line represents ceph-3-era. 

A 2 cephalosporin ester derivative (q=l) obtained according to the 
process of the invention may be converted to A 3 cephalosporin ester by 
treating with base such as tri ethyl amine or pyridine. In case that 
sulfoxide compound (q=l) is obtained, it nay be converted to sulfide 
compound by treating with reducing agent such as sodium dithionite. 

The amino- or carboxyl- protecting group may be suitably selected 
from the conventional protecting groups which are commonly employed in 
the technical field of /S-iactara and peptide synthesis. 

The amino-protecting group may include phthaloyl, formyl, 
monoch 1 oroacety 1 , dich 1 oroacety 1 , trichl oroacety 1 , met hoxycarbony 1 1 
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ethoxycarbonyJ , t-butoxycarbonyl, trichloroethoxycarbony! , 

benzyl oxycarbonyl, p-nltrobenzyloxycarbony 1 , dipheny inethyloxycarbonyi , 
nethoxynethyloxycarbonyl , trityl, trinethylslly] , phenylacety] , salicyl, 
benzoyl and the like. 
5 The carboxyl-protecting group nay be Include t-butyl, t-amyi, 

benzyl, p-nitrobenzyl , p-methoxybenzy 1 , benzhydryl, phenyl, 
p-nltrophenyl. nethoxyn ethyl , ethoxymethyl ( benzyloxyraethy I , 

acetoxymethyi, methyl thiomethyl , trityl, trichloroethyl , trimethylsi iyl , 
dimethylsilyi, dimethylaminoethyl and the like. 

10 The compounds of the formula (II) can be prepared by the method 

described in Llynn et al., Cephalosporins and penicillin, Academic 
Press, p 151 — 171 (1972). For example, they can be prepared by 
reacting 7 0 -acylamino-3-halomethy]-3--cephem-4-carboxylate derivatives 
disclosed in Japanese Patent Unexamined Publication Nos. 83-72590 or 

15 83-154588 with the compounds of the formula (IX) or (IXa). 

The conpounds of the formula (II) also can be prepared by a 
conventional method using acids, for example, trif luoroacetic acid, 
formic acid, cone. hydrochloric acid or phosphorus halide (e.g., 
phosphorous pentachloride, phosphorus oxychloride, etc.). 

20 The acylation in the first reaction scheme is conducted by reacting 

1 mole of the compound(II) with 1 to 3 moles of carboxylic reactive 
derivative of the compound(III) . 

The examples of the reactive derivatives may include an acid halide, an 
acid anhydride, an active amide, an active ester and the' like. 
25 Preferred examples are an acid halide such as acid chloride or acid 
bromide, a mixed acid anhydride such as acetic acid, pivalic acid, 
isopivalic acid or trichloroacetic acid, an active amide such as 
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pyrazole, imidazole, dimethylpyrazole or benzotriazole, and an active 
ester such as p-nitropheny lester, 2, 4-dinitrophenylester, 
trich 3 oropheny lester, l-hydroxy-lH-2-pyridone, N-hydroxysuccinimide or 
N-hydroxyphthaiide. 

5 The acylation is preferrabiy conducted in the presence of condensing 

agents in case that the compounds (I II) are a free acid forn. The 
examples of the condensing agent nay include a carbodiirade compound such 
as N,N-dicyclohexylcarbodiimide, N-cyclohexyl-N'-morpholinoethyl- 
carbodiimide, N-cyclohexyl-N'-(4-diethylarainocyclohexyl )carbodiimide and 
10 the iike. The acylation also may be conducted in the presence of 
Vilsmeier reagents formed from the reaction of amide compounds such as 
N-methylfomamide or N, N-dinethylforraamide with halides such as thionyl 
chloride, phosphorus oxychloride or phosgene. 

When acid halides or acid anhydrides are used as reactive 
15 derivatives, it is necessary to conduct acylation in the presence of 
acid condensing agents, for example an organic base such as 
triethylamine, trimethylaraine, ethyldiisopropylamine, N.N-dinethylamine, 
N-methylmorpholine or pyridine, an alkali metal compound such as 
hydroxide, carbonate or bicarbonate of sodiuji, potassium or calcium, and 
20 oxyJan such as ethylene oxide or propylene oxide. 

The reaction is carried out in the presence of the solvents which do 
not influence the reaction adversely. The examples of the solvent may 
include water, acetone, acetonitrile, dioxane, tetrahydrofuran, 
dichloromethane, chloroform, dichloroe thane, N f N-dimethylformaiade or 
25 mixtures thereof. 

The reaction temperature is not specifically limited, but generally 
ranges between -30*C and 40*C. 
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. The reaction tine general Jy ranges between 30 nin and 10 hours. 

The protecting group should be removed in case that the acylated 
product has a protecting group. The method for removing the protecting 
group nay be suitably selected according to the kind of the protecting 
5 group fron the nethods using an acid, nethods using a base or nethods 
using a hydrazine, which are generally used in the field of /9 -lactam 
and peptide synthesis. 

With regard to the process of the second reaction scheae, the 
exanple of the residue V nay include an acetoxy group and a halogen atom 
10 such as chlorine, bronine or iodine. 

The compounds of (VII) wherein Q is N, Bi is hydrogen and W is an 
acetoxy group are nay be prepared by a method described in The Journal 
of Antibiotics, Vol. 36(8), 1020(1983). 

The reaction of the compounds (VII) wherein W is an acetoxy 1 group 
15 with the conpounds (IX) or (IXa) is preferrably carried out in the polar 
solvents, for example, water, phosphate buffer, acetone, acetonitrile, 
N,N-dimethylfornanide, N,N-dinethylacetanide, tetrahydrof uran, 

dinethylsuifoxlde, dioxane, methanol or ethanol and mixtures thereof 
with water. 

20 The reaction is preferrably carried out around the neutral pH. 

The reaction temperature is not specifically United, but is 
preferrably 15*C to about 70*0. 

The reaction time varies depending on the reaction conditions, but 
is generally 1 to 10 hours. 
25 The reaction may be accelerated by adding alkali netal halides, for 

exanple, sodium iodide, lithium iodide or potassium iodide to the 
reaction nixture. 
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In case that the coupounds (VII) wherein V is a halogen are used to 
prepare the desired coapounds (I), the halogen lay include chlorine, 
bromine and iodine. The halide compound are easily prepared by 
methods in Japanese Patent Unexamined Publication Nos. 81-131,590, 
5 83-90,590 and 84-10,593. 

The reaction is preferrably carried out in the presence of a solvent 
such as acetone, dichlorome thane, acetonitri le , N,N-dinethyIforraanide or 
N,N-dinethylacetaraide under the non-aqueous condition. 

The reaction temperature is preferrably 0 to 50*C and the reaction 
10 time is generally 1 to 5 hours. 

The protecting group can be renoved by known methods to give the 
compounds(I). 

The compounds (IX) or (IXa) which will be introduced into 3-position 
of the cephem nucleus as substituents are commercially available. 

15 For example, 1-aminopyrroiidine, 4-arainonorpholine, 1-aninopiperidine 
and 4-ainino-l,2,4-triazole were purchased from Aldrich. They are also 
nay be synthesized by the known methods. For example, 1-aminopyrrole, 
1-aminoindole, 1-amino-l , 2, 3-triazole, 1-aminobenzotriazole, 

1-aminobenzinidazole and 1-aminoindazole were prepared by methods 

20 described In Fiitsch, W. et al., Chen. Ber., 102, 3268 (1969), Masanori, 
N» et al., Tetrahedron Lett., 461 (1974), Stolie, R. et al., Chem. Ber., 
59, 1743 (1926), Campbell, CD. et ah, J. Chem. Soc. Chem. Commun. , 742 
(1969), Sheng, M.N. et al., J. Org. Chem., 28» 736 (1963) and Sakai, X. 
et al., J. Org. Chem., 31, 2351 (1972), respectively. 

25 Further, for example, 1-amino-l, 2, 3, 6-tetrahydropyridine, l-amino-3- 

pyrrol ine, 1-aininoindol ine , 1-aminohydroxypiperidine , 2-araino-l ,2,3,4- 
tetrahydroisoquinol ine , 1-amino-l , 2 , 4-triazol e , 1-aminoimidazol e , 
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i-antinopyrazole, l-a»inotetrazole and l-anino-1,4,5,6- 

tetrahydropyrimidine also nay be prepared by the above nethods. 
Alternatively, they also nay be prepared by reacting 

1,2,3,6-tetrahydropyridine, pyrrol ine, indoline, hydroxypiperidine, 
5 1, 2, 3,4-tetrahydroisoquinoline, 1, 2,4-triazoie, imidazole, pyrazole or 
tetrazole with hydroxylanine-O-sulfonic acid or chloramine-T in the 
presence of an inorganic salt in water or a aixed solvent of water and 
an organic sol vent ( l: 1— 3: 1) . If necessary, they nay be separated and 
purified by silica gel column chromatography. 

10 The organic solvents are of water-niscible and Bay be suitably 

selected fron N,N-dinethylfornanide, N,N-dinethy lformacetanide, 
Methanol, ethanol, acetone, acetonitrile or dioxane. 

The inorganic salt may be suitably selected from sodium hydroxide, 
potassium hydroxide, calcium carbonate or sodiun hydride. 

15 Particularly, in case that the 3-posltion substituent is 1- 

anino-l-Bethylpiperazinium, the amino group of 1-methylpiperazine is 
protected by a conventional an 1 no-protecting- group, for exanple, acetyl, 
benzyl oxycarbonyl or t-butoxycarbonyl group* Then, thus obtained 
amino-protected 1-methylpiperazine is reacted with hydroxy 1 an ine-0- 

20 sulfonic acid in the presence of an inorganic solvent in water or a 
mixed solvent of water and an organic solvent to give anlno-protected 
1-amino-l-nethylpiperaziniun and the amino-protecting group is 
deprotected to give the desired compound. 

When the heterocyclic conpound having two or nore nitrogen atoms as 

25 a hetero atom, for example, 4-amino-l, 2, 4-triazole, 
1-anino-l, 2,3-triazole, 1-anino-l, 2,4-triazole, 1-aninopyrazole, 
1-aninotetrazole, l-amijio-1,4, 5, 6-tetrahydropyrlnidine, 
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1-aminobenzotriazole, 1-aminobenzinidazole, 1-aainoindazole or 
1-aminoimidazoie is introduced into 3-position of the cephem nucleus, 
the compounds of the formula (I) may exist in tautomeric forns and such 
tautoners are the equivalent and also included within the scope of the 
5 invention. Namely, the position of the positive charge varies 

depending on the state of salt, the kind of solvent, the properties of 
solution, the temperature, the kind of substituent and the like, as 
follows: 



10 

0 




The salts of the compounds (I) according to the invention can be 
25 prepared by dissolving the compounds of the formula (I) in an aqueous 
solution of inorganic or organic acid, preferrably an aqueous solution 
containing 1 to 10 equivalents of inorganic or organic acid f stirring 
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the solution at 0~5*C for 5 to 10 hours, then precipitating to give a 
crystal J ine salt of compound (I). 

The compounds (I) and salts thereof according to the invention are 
novel cephalosporins and exhibit potent and broad antibacterial 
5 activities against a variety of pathogenic bacteria including 
Grara-positive and negative strains, particuarly against Staphylococcus 
and Pseudomonas . 

In order to illustrate the pharmaceutical usefulness of the 
compounds (1) of the invention, the representative examples of compounds 
10 (I) were teseted for their antibacterial activities against the standard 
test strains and the clinically isolated strains. 

The antibacterial activity was determined by an Agar dilution method 
as described below. 

That is, the two-fold serial dilutions of the antibacterial 
15 compounds (1000 jug coapound/ml) were prepared and dispersed in Muiler 
Hinton Agar in a petri dish to a concentration of 100~0.002jug/nil. 
The culture broths of standard test strains were inoculated on the 
medium to a concentration 10 7 CFU/ml, and incubated at 37*C for 18 
hours* The concentration of compounds(I) at which the strains were 
20 not grown was regarded as minimum inhibition concentration (MIC). 

The results of antibacterial activity test of the representative 
examples of the compound (I) against 20 standard test strains shown in 
terms of MIC were indicated in Table 1. 

The MIC of the compound of Exaaple 18 against 254 clinically 
25 isolated strains were shown in Table 2. 

The representative examples of the compounds (I) according to the 
invention are as follows: 
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Compound of Example 1 : (6R,7R)-7-[(Z)-2-(2-arainothiazol-4-yl )-2- 
methoxyiminoacetamido]-3-( l-aminopyrrolidiniuramethyl )- 
ceph-3~em-4 -car boxy late 
Compound of Example 5 •: (6R, 7R)~7-[<Z)-2-(2-amlnothiazol-4-yi)-2- 
5 nethoxyiminoacetaraido]-3-[ (2-amino-l ,2,3, 4~tetrahydro- 

isoquinolin-2-iun)jiethyl]-ceph-3-em-4-carboxylate 
Compound of Example 11 : ( 6R, 7R) -7- [ (Z) -2- (2-am inothiazol-4 -yl ) -2- 
methoxyiminoacetamido]-3-[(l-amino--l-met}iyl-4- 
pi peraz in i ura) methy I ] -ceph-3-em-4-carboxy I ate 
10 Compound of Example 12 : (6R f 7R)-7-[(Z)-2-(2-aminothiazoL-4-y])-2- 

methoxyiminoacetaraido]-3-[ (4-amino-l , 2 , 4-triazol-2-ium) 
me thy 1 ] -ceph-3-em-4-carboxy 1 ate 
Compound of Example 18 : (6R f 7R)-7-[(Z)-2-(2-aminothiazol--4-yl>-2- 
nethoxyiminoacetamido]-3-[(l-aminobenzotriazol-3-iura) 
15 methyl J-ceph-3-em-4-carboxy late 

Compound of Example 19 : < 6R, 7R)-7-[ (Z)-2-(2-aminothiazoi--4-y 1 ) -2- 
methoxyiminoacetamido]-3-[(l^aminobenzimldazol-3-iura) 
methyl ]-ceph-3-em-4-carboxylate 
Compound of Example 36 : <6R,7R)-7-[(Z);-2-(2-aiiinothiazo[-4-y] )-2- 
20 (2-carboxyprop-2-oxyimino)acetanido]-3-[ (4-amino-l .2,4- 

triazoi-2-ium)methyl]-ceph-3-em-4-car boxy late 
Compound of Example 85 : (6R,7R)-7-[(Z>-2-(5-ajiino-l f 2, 4- 

thiadiazol-3-yl)~2-methoxylBlnoacetamido]^3-[ Cl- 
am inobenzotr i azo 1 -3-i um ) met hy 1 ] -ceph-3-em-4-carboxy 1 ate 
25 Cefotaxime-Sodium was used as a control. 

20 standard test strains used in the present invention are 
pathogenic strains causing various infections such as urinary tract 
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infection, respiratory track infection, dermal soft tissue infection, 
blood plasna infection, stomach-instestine infection or central nerve 
system infection, and most of then are 0 -lactaaase producing strains. 
They are shown be low 2 
5 Gram-positive bacteria 

1. Streptococcus pyogenes A 308 

2. Streptococcus pyogenes A 77 

3. Streptococcus faeciura MD 86 

4. Staphylococcus aureus SG 511 
10 5, Staphylococcus aureus 285 

6. Staphylococcus aureus 503 
Gran-negative bacteria 

7. Escherichia coli 0 55 

8. Escherichia coli DC 0 
15 9. Escherichia coli DC 2 

10* Escherichia coli TEM 

11. Escherichia coli 1507E 

12. Pseudononas aeruginosa 9027 

13. Pseudononas aeruginosa 1592E 
20 14. Pseudononas aeruginosa 1771 

15. Pseudononas aeruginosa 1771M 

16. Salmonella typhinuriuo 

17. Klebsiella oxytoca 1082E 

18. Klebsiella aerogenes 1522E 
25 19. Enterobacter cloacae P99 

20. Enterobacter cloacae 1321E 
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Table 1. Antibacterial activity of corapounds(I) 

against tlie standard test strains; MIC( jtzg/ml) 



5 



20 



25 



\ compound 
\ (No. of 
\Exanple) 
No. of V 
tested \ 
strain \ 


1 


5 


11 


12 


18 


19 


36 


85 


ine 


1 


0.025 


0 '. 049 


0.013 


0.007 


0.004 


0. 013 


0.098 


0. 007 


0 OD7 

V • Vv 1 


2 


0.025 


0.013 


0 . 007 


0.007 


0.004 


0.007 


0.049 


0. 004 


0. 004 


3 


MOO 


50 


>100 


MOO 


MOO 


MOO 


25 


100 


1 00 


4 


6.258 


1. 563 


1.563 


1. 563 


0.391 


0. 781 


1. 563 


0. 391 


1 563 


5 


12.5 


6.250 


12.5 


3. 125 


0.781 


0.781 


3. 125 


1 . 563 


1 563 


6 


1.563 


0. 781 


0.781 


0. 781 


0. 195 


0.391 


1. 563 


0 391 


O 7ft 1 


7 


0. 195 


0. 391 


0. 195 


0. 025 


0 007 


0 OQft 


V • X *J \J 


V/. L>U / 


a no? 


8 


0 195 




ft 7ft t 

v» lul 


O OQft 


ft 09 5 


0 


ft 7ft 1 
v. f O x 




n no £ 
U. Ut^o 


9 


0 391 


0 7/51 


O 7ft 1 

v • i U X 




0 095 


v • o V 1 


O 1 Q5 


A ft9 5 




10 


0.391 


0. 781 


0.391 


0. 049 


0 013 


v. J3I 


3 195 


ft 095 


ft ft9 5 


11 


0.391 


0. 781 


0. 781 


0, 098 


0.025 


0.391 


1. 563 




ft ft?5 


12 


100 


" 50 


50 


12.5 


3. 125 


50 


6. 25 


3 125 


12 5 


13 


100 


50 


50 


6.25 


1.563 


25 


6.25 


3.125 


12.5 


14 


50 


50 


25 


6.25 


1-. 563 


12.5 


1.563 


1.563 


6.25 


15 . 


3.125 


1.563 


1.563 


0.195 


0.781 


0.781 


0.098 


1.563 


0.098 


16 


0.781 


0.781 


0.391 


0.098 


0.195 


0,195 


6.250 


0.195 


0.025 


17 


12.5 


12.5 


6.250 


1.563 


0.049 


3.125 


100 


0.781 


0.781 


18 


0.195 


0.013 


0.391 


0.049 


0.025 


0.195 


0.781 


0,049 


0.013 


19 


>100 


100 


100 


100 


12.5 


MOO 


100 


25 


100 


20 


0.098 


0.013 


0.195 


0.025 


0.007 


0.195 


0.391 


0.007 


0.013 
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Table 2. Antibacterial activity of the compound of 

Example 18 against clinically-isolated strains 



5 



Strains(No. of tested) 


MIC(A<g/ni) 


Range 


50X 


90% 


Enterobacter cloacae (20) 


0.007 




12.5 


0.025 


0.391 


Escherichia coli (20) 


0.007 




0.195 


0,013 


0.025 


Serratia spp (20) 


0.013 




0.098 


0.025 


0.049 


D Streptococcus I (20) 


3.125 




100 


12.5 


100 


D Streptococcus II (20) 


3.125 




100 


25 


50 


Pseudononas aeruginosa (20) 


1.563 




25 


6,25 


12.5 


Pseudononas I (19) 


0.195 




12.5 


1.563 


6.25 


Pseudononas II (19) 


0.391 




12.5 


1.563 


6.25 


Streptococcus I (20) 


0.004 




12.5 


0.025 


6.25 


Streptococcus II (17) 


0.002 




0.013 


0.004 


0.007 


Enterococcus I (20) 


0.007 




0.195 


0.025 


0.049 


Enterococcus II (20) 


0,004 




25 


0.025 


0.098 


Morganella raorganii (5) 


0.004 




0.025 


0.013 


0.025 


Providencia rettgeri (6) 


0.007 




0.195 


0.025 


0.098 


Proteus mirabilis (4) 


0.013 




0.098 


0.013 


0.098 


Proteus vulgaris (5) 


0.025 




0.195 


0.098 


0.195 



15 As shown in Table 1, the coitpounds(I) of the invention exhibit 

broader antibacterial spectrun and more potent antibacterial activity 
against Gram-negative and positive strains in conparison with 
Cefotaxime-Sodiun. Particularly, the compound of Example 18 exhibits 
superior activity against #-lactaaase producing strains such as 

20 Pseudononas aeruginosa and Enterobacter cloacae which have clinical 
problems in the field of cephen antibiotics as well as show strong 
activity against Graa-positive strains, for example, Staphylococcus 
aureus which is resistant to the third-generation cephalosporins. 

The compounds of Examples 1. 5, 11, 12. 19 and 36 also exhibited 

25 excellent antibacterial activity against Gram-positive strains as well 
as against Gran-negative strains including Pseudononas . 

Particularly, the compounds of Examples 12, 18, 36 and 85 are 
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expected to be very useful for treatment of an intractable infection 
diseases caused by Staphylococcus or Pseudonionas . 

In order to establish the usefulness in clinical applications of the 
compounds provided by the invention, the compound of Example 18 was 
5 tested for stability against the 0 -lactamase and for antibacterial 
activity on systemic infection model. 

First, the stability against the 0 -lactamase was tested by 
determining the relative (percentage) hydrolysis of the compound of 
Example 18, relative to that of Cephaloridine, taking the absolute rate 
10 of Cephaloridine as 100. 

The 0 -lactamases employed in the test were directly isolated from 
Enterobacter cloacae P99, E.col i TEM and Citrobacter freundii . and the 
antibiotics for comparison were Cephaloridine, Cephradine, Cefoperazone 
and Cefotaxime. 

15 Cephaloridine, other know antibiotics and the compound of Example 18 

were reacted with each of the enzymes isolated from the strains and the 
OD were determined at 260nn, A max of Cephaloridine. The relative 
hydrolysis of various compounds were calculated relative to the 0D of 
Cephaloridine. The results were shown in- Table 3. 

20 Table 3. Relative hydrolysis by £ -lactamase 



^^^^ Source of 








-lactamase 


Enterobacter 


E. coli TEH 


Citrobacter 


Antibiotics^"""^. 


cloacae P99 




freundii 


UOOjuM) 








Cephaloridine 


100 


100 


100 1 


Cephradine 


14.9 


0.8 


13.6 


Cefoperazone 


1.4 


38.6 


1.2 


Cefotaxime 


0.0 


0.6 


0.6 


Compound of 


0.0 


0.0 


0.2 


Example 18 
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The antibacterial activity test on systenic infection model was 
carried out using the compound of Example 18 as follows: 0.3ml of 
diluted solution containing lethal dose of strain was administered 
intraperitoneal ly to the test animal, and then 5 to 0.078 rag/kg of 
5 conpound was administered intramuscularly. The PDso was calculated by 
T probit nethod and the result was shown in Table 4. 

Table 4. Treatment effect on systemic infection model 







PDso (ng/kg) 




Tested strain 


(The limit of confidence) 


10 


Streptococcus 


0.27 




pyogenes 77A 


(0.08—0.47) 



* P < 0.05 



Further, in order to illustrate the usefulness of the compounds (I) 
as a drug, compounds of Examples 12, 18 and 3B were tested for acute 
toxcity by using 4 weeks-old male ICR-mouse as a test aalnal. 

The compounds were dissolved in physiological saline and phosphate 
buffered solution (pH 7.0), or if they were not soluble, suspended in 
carboxynethylcellulose or gum Arabic and then mixed with phosphate 
buffered solution. 

20 The solution or mixture was adnlnistered to the tested animals 

intravenously or subcutaneous ly and, after 1 week, the number of 
surviving aninals was calculated. 

The results of the acute toxcity test were shown in Table 5. 

25 



BNSDOCIO. < O 



9200981A1 i > 



WO 92/00981 



PCT/KR91/00012 



24 



TabJe 5. Acute toxcity test 



Cobi pound 

(No. of Example) 



LDso mg/kg 



Intravenous adminstration 



Subcutaneous 
adminstration 



12 
18 
36 



> 4000 

> 4000 

> 4000 



> 6000 

> 6000 

> 6000 



10 



15 



20 



As shown in the Table 5, the LDso of the tested compounds are more 
than 4000 mg/kg when intravenously administered and more than 6000 rag/kg 
when subcutaneous ly administered, so that it was demonstrated that their 
safty as a drug was very high. 

As described above, the compounds according to the present invention 
exhibit potent and broad antibacterial activity against Gram-positive 
strains as well as Gram-negative strains including Pseudomonas . while 
its toxcity Is very low. 

The compounds of the invention may be administered parenteral I y for 
treatment of bacterial infection in human beings in a dose of 50— 
lOOOmg, preferrably 100— 500mg per adult, 2—4 times a day, preferrably. 

The pharmaceutical composition according to the invention contains 
the compounds (I) as an active ingredient' in association with solid or 
liquid excipients. The exciplents may include those one which are 
commonly employed in the filed of antibiotic pharmaceutics. 

The pharmaceutical composition may be formulated into solid 
forraulations, for example, tablet, capsule or powder, or liquid 
formulations, for example, injection solution, suspension or syrup. 
The liquid formulations are preferred. 

The present invention will be described in detail with reference to 
the following examples, but is not limited thereto. 
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Reference Example l: Synthesis of l-amino-1,2,3, 6-tetrahydropyridine 

To a mixed solvent of water(40ml) and methanol ( lOnl > was added 
11 .06g(80mmoi) of potassium carbonate, and 3. S5fi 1 (40mmol ) of 
1,2,3, 6-tetrahydropyridine and 4. 52g(40ranol ) of hydroxy laaine-O-sulfonic 
5 acid were added thereto* The mixture was stirred at room temperature 
for 4.5 hours and concentrated under the reduced pressure to the half of 
its original volune. The resulting solid was filtered off and the 
filtrate was extracted with dichloronethane. The organic layer was 
treated with anhydrous magnesium sulfate and filtered. The filtrate 

10 was concentrated under the reduced pressure and then subjected to 
chromatography over silica gel using 10% methanol /dichloromethane as an 
eluent to give 1.77g of the desired compound USX) . 
Rf = 0.5 (in 10* aethanol/dichloromethane) 
NMR (D 2 0, $) 

15 2.12—2.48 (m, 2H) , 3.20 (t, 2H) 

3.42—5.91 (a, 2H) 

Reference Example 2' Synthesis of l-araino-3-pyrroline 

To 20ml of water was added 0. B9g(10mmoi) of 3-pyrroline and 

20 1.68g(30mmol) of potassium hydroxide was added thereto under stirring. 
1.7g(15nmol) of hydroxy 1 an ine-0~su If on ic acid was added while cooling 
the mixture to 5"C or below. The reaction mixture was stirred at 40— 
50*C for 3 hours, cooled and the pH was adjusted to 7—8. Then, it was 
concentrated under the reduced pressure to remove water. 

25 To the residue was added methanol. After stirring for 10 min, the 

solid was filtered off and the filtrate was dried over anhydrous 
magnesium sulfate. 
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Concentration under the reduced pressure gave 0.4g of the desired 
compound(17%) . 

Rf = 0.5 (in 10% methanol/dichtoromethane) 
NMR (DHSO-da, 8) 
5 2.72—4.21 (br, 2H, NH 2 ), 4.54(s, 4H) 

5.92 (s, 2H) 

Reference Example 3: Synthesis of 1-aminoindol ine 

In 40ml of water was dissolved 2 . 76g( 20mmol ) of potassium carbonate 
10 thoroughly, and 10ml of acetonitrile and 2. 24ml (20mmol ) of indoline were 
added thereto in this order. After stirring the reaction mixture for 10 
min, 2.26g(20mmol) of hydroxy 1 am ine-0-su If on ic acid was added thereto. 
After stirring at room temperature for 1.5 hours, the reaction mixture 
was concentrated under the reduced pressure. The concentrate was- 
15 extracted with dichloromethane and treated with anhydrous magnesium 
sulfate. After filtration, the filtrate was concentrated under the 
reduced pressure, and the resulting concentrate was subjected to 
chromatography over silica gel using dichlorome thane as an eluent. The 
fractions were concentrated to give 0. 99gof the desired compound (37%) . 
20 Rf = 0.17 (in dichioromethane) 
NMR (DMS0-d6, ) 

2.73—3.06 (», 2H, -CH 2 -), 3.25—3.68 (ra, 2H,NH 2 ) 

4.10—6.3 (br, 2H, N-CH 2 -) , 6.71—7.01 (n f 2H) 

7.02—7.29 (m, 2H) 

25 

Reference Example 4V Synthesis of 1-aminoindole 

To 50ml of N,N-dimethylformaraide were added 24. 55g(440mmoi ) of 
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potassium hydroxide and 3.201g(27.3mniol) of lH-indole, and 6.35g 
(54.4ramol) of hydroxylamine-O-sulfonic acid was added thereto in small 
amounts under stirring. 

After stirring the reaction mixture at room temperature for i hour, 50ml 
5 of water was added thereto and it was extracted three tiles with 100ft 1 
of benzene. The extract was washed with water, dried and concentrated 
under the reduced pressure. Silica gel column chromatography of the 
residue using 50% dichloro&ethane/n-hexane as an eluent gave l.IGg of 
the desired compound (32%) . 
10 m.p. = 41^41. 5TC 
NMR (CDCla, &) 

4.73 (br, 2H, NH 2 ), 6.37 <d, 1H) 

7.01—7.65 <n. 5H, phenyl) 

15 Reference Example 5: Synthesis of 1-aninopyrrole 

To 10.0g(61.7m»ol) of N-aminophthalimide was added a solution of 
12ml (72.4amol) of 2,5-diethoxytetrahydrof uran in 100ml of dioxane and 
10ml of 5N hydrohloric acid was added thereto. The reaction fixture 
was stirred for 1 hour and cooled to 5*C- The resulting precipitate was 

20 filtered, recrystal 1 ized from d ioxane: water (1 :3) , washed with ethanol 
and dried to give 10. 3g of 1-phthal lnidopyrrole. This product was 
dissolved in 60ml of methanol and 3ml of 82% hydrazine hydrate was 
slowly added thereto. After refluxing the reaction mixture for 30 min, 
cooled to 0— 5t and 1.5ml of glacial acetic acid was added thereto. 

25 The resulting precipitate was filtered off and the filtrate was 
concentrated under the reduced pressure to remove methanol. The 
concentrate was washed with diethyl ether and vacuum-distilled to give 
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2.4g of the desired compound (47. 3%) . 
bp = 71—7313 (12nnHg) 
NMR (CDCia, d) 

4.5- (s, 2H, NHz), 5.89 (t, 2H) 
5 6.40 (t, 2H) 

Reference Example $: Synthesis of l-amino-4-hydroxypi peri dine 

In 10ml of water was dissolved 0.6g(8nreol) of hydroxylamine-O- 
sulfonic acid and 1 . 82g( 1 . 8mmol ) of 4-hydroxypi peri dine was added 
10 thereto. After ref luxing for 1 hour, the reaction mixture was cooled 
to 5*C and 0. 84g(6. lmmol ) of potassium carbonate was added thereto. 
The reaction mixture was stirred for lOain and the precipitate was 
filtered off. The filtrate was concentrated under the reduced pressure 
and 15ml of dry ethanol was added to give precipitate, which was 
15 filtered off. While cooling the filtrate to 5 — 10*C, 0.85ml of 57% HI 
was slowly added and the mixture was stirred at the same temperature 
for 30 min. To the reaction mixture was added 50ml of petroleum ether. 
The filtrate was washed with acetone to give 1.41g of the desired 
compound ( 34X) . 
20 m.p. = 117 — 119«C 
NMR (DMS0-d 6 . S ) 

1.12 — 1.98 (m, 4H), 2.41—2.8$ (in, 2H) 
2.86— 3. 24 An, 2H) , 3.40—3.79 (a, 1H) 
5.23 (br, 2H, NH 2 ) 

25 

Reference Example 7* Synthesis of 2-amino-l , 2 , 3, 4-tetrahydroisoquinol ine 
In a mixed solvent of 50ml of water and 20ml of methanol was 
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dissolved 11.06g (80maol) of potassium carbonate and 5.33g(40maol ) of 
lH-l t 2,3,4-tetrahydroisoquinoline and 4. 52g(40mmol ) of hydroxy Ian lne-0- 
sulfonic acid were added thereto while aaintaining the teaperature at 30 
*C. The nixture was stirred at room temperature for 4 hours. After 
5 completion of reaction, the insoluble was filtered off and the filtrate 
was extracted twice with dich lor one thane. The dichloromethane layer 
was dried over anhydrous nagnesiun sulfate and concentrated to driness. 
The resulting residue was subjected to silica gel column chromatography 
using 5X nethanol/dichloromethane as an eluent. 

10 The fractions containing the desired product were concentrated under the 
reduced pressure and crystallized fron tetrahydrofuran to give 1.78g of 
the desired compound in a fora of white crystal (30%) . 
a. p. = 179— IBlt 
NMR (DMS0-d 6 + 10X DC1, S ) 

15 2.95—3.25 (m, 2H, -CH 2 -), 3.34—3.64 (a, 2H, N-CH2-) 

4.36 (s, 2H), 7.04—7.32 (a, Ah, phenyl) 



Reference Exaaple 8: Synthesis of 1-aainoimidazole • 

p-toluenesulfonic acid 

20 In 50ml of water was dissolved 2. 76g(20nmol) of potassium carbonate 

and 1.36g(20mraol) of imidazole was added thereto. 2.26g(20maol) of 
hydroxylaraine-O-suifonic acid was added thereto and the mixture was 
stirred at room temperature for 6 hours. the resulting precipitate was 
filtered off and the filtrate was concentrated under the reduced 

25 pressure. To the concentrate were slowly added 10ml of chloroforn and 
a solution of 3. 8g(20mmoi) of p-toluene sulfonic acid • aonohydrate in 
10ml of chloroform. Stirring for 30 ain, filtration and drying of the 
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mixture gave 1.74g of the desired conpound(34%) . 
NMR (DMS0-d 6 , d ) 

2.30 <s, 3H, CH 3 ), 7.26 (n, 4H, phenyl) 

7.69 (d, 2H), 9.10 (t, 1H) 

5 

Reference Exanple 9: Synthesis of i-aminopyrazole • 

p-toluenesulfonic acid 
In 500ml of water were dissolved 2 . 7Sg( 20mmol ) of potassium 
carbonate and 1 . 31g(20mmol ) of pyrazole and 2. 26g(20mmol ) of 
10 hydroxylaraine-O-sulfonic acid was added thereto. The reaction mixture 
was stirred at room temperature for 6 hours and concentrated under the 
reduced pressure. To the concentrate was added methanol to give 
precipitate, which was filtered off. After concentrating under the 
reduced pressure, the concentrate was treated in the same way as 
15 Reference Exanple 8 to give 1.54g of the desired compound ( 30X) . 
NMR (DMS0-d 6 , 5*) 

2.32 (s, 3H, CHa), 6.7 (t, 1H) 
7.3 (ra, 4H, phenyl), 7.65 (d, 2H) 

20 Reference Example 10: Synthesis of 1-aminobenzotriazole 

In 200ml of water were dissolved 23.83g(0.2mol) of lH-benzotriazole 
and 56. llg(lmol) of potassium hydroxide and the solution was maintained 
at 60'C. To the reaction solution was slowly added 45. 2g(0. 4mol ) of 
hydroxylaaine-0-sulfonic acid over 1 hour while maintaining the 

25 temperature at 70~75 , C. After completion of addition, the reaction 
mixture was stirred at 70"C for further 1 hour. After completion of 
reaction, the reaction solution was cooled to room temperature to 



BNSDOCID: <WO 9200981A1_I_> 



WO 92/00981 



PCT/KR91/00012 



precipitate potassium sulfate as crystal, which was filtered off. The 
filtrate was extracted with dichloronie thane (lOOrel x 5) and the extract 
was dried over anhydrous magnesium sulfate and concentrated under the 
reduced pressure to give yellow crystal. 
5 Thus obtained crystal was dissolved in 5ml of tetrahydrof uran and 

the pH was adjusted to 1 with cone. hydrochloric acid to give white 
crystal. 

The filtered crystal was dissolved in 50ml of water and the pH was 
adjusted to 11 ~12 with 30% sodium hydroxide followed by extraction with 
10 dichloromethane<30mlx4) . The extract was dried over anhydrous 

magnesium sulfate and concentrated under the reduced pressure to give 
12.07g of the desired compound(45X) . 
m.p. = 83— 84*0 
NMR (CDCla. <5") 
15 5.80 (br, 2H, NH2) , 7.25—7.55 (m, 2H> 

7.70—8.11 <m, 2H) 

Reference Example 11: Synthesis of 1-amino-l ,2,4-triazole 

In 20ml of ethanol was dissolved 14. 03g(250mmol ) of potassiua 

20 hydroxide and 3.45g(50mraol ) of 1,2,4-triazole was added thereto. The 
solution of 11.31g(100nmol ) of hydroxy laaine-0-sulfonic acid in a nixed 
solvent of water(lOml) and ethanol (lOnl ) was slowly added to the 
mixture over 30 min. After stirring at room temperature for 2.5 hours, 
the resulting precipitate was filtered off and the filtrtui was 

25 concentrated. To the concentrate was added tetrahydrof uran and the 
mixture was stirred for 30 rain. 

The tetrahydrof uran layer was separated, concentrated under the 
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reduced pressure and diethyl ether was added thereto. The mixture was 
stirred for 30 min and the diethyl ether layer was separated and 
concentrated under the reduced pressure. Crystallization of the 

concentrate from diisopropyl ether/ n-hexane gave the 1.63g of the 
5 desired compound in a forn of crystal (46X) . 
m.p. = 48~50*C 
NMR (DMS0-d6 + D 2 0, $) 

8.58 (s. 1H), 9.36(s, 1H) 

10 Reference Exaraple 12* Synthesis of 1-aminoindazole 

To a solution of 2* 2g(55ramol) of sodium hydroxide in 30ml of water 
was added 1.33g(iOmiiol) of lH-indazole and ethanol was slowly added at 
50*C until the reaction mixture was dissolved thoroughly. The 
resulting mixture was heated to 55*C and 2. 83g(25mmol ) of 

15 hydroxylauine-O-sulfonic acid was slowly added over 30 rain with 
vigorous stirring followed by further stirring for 30 rain. After 
completion of reaction, the resulting precipitate was filtered off, and 
the filtrate was extracted with dichlorometliane(30mlx2) , dried over 
anhydrous magnesium sulfate and concetrated under the reduced pressure. 

20 The concentrate was chroraatographed over silica gel using 10% ethyl 
acetate/dichloromethane as an eluent. The fractions containing the 
desired product were concentrated under the reduced pressure and 
crystallized from benzene/petroleum ether to give 0.63g of the desired 
compound ( 47X) . . 

25 m.p. = 104—106X; 
NMR (DMS0-d 6t £ > 

5.41 (s, 2H, NH 2 ). 6.85—7.95 (m, 4H> 
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8.05 (S,1H) 

Reference ExanpJe 13: Synthesis of 1-aninotetrazole 

In 125nL of water was dissolved 13. 8g(100iiniol ) of potassium 
5 carbonate and 7g( lOOnnol ) of lH-tetrazole was added thereto. The 
reaction solution was heated to 75*C and 11.3g( lOOnnol) of 
hydroxylaiiine-O-sulfonic acid was slowly added at 70— 75*C over 30 ain 
while adjusting its pH to 7—8. After coapletion of addition, the 
solution was refluxed for 30—35 nln, the pH was adjusted to 8 and the 

10 solution was extracted with ethyl acetate. The extract was 

concentrated under the reduced pressure to give 1.7g of the desired 
compound (20*). 
b.p. = 153 — 158 < C(2ninHg) 
NMR (DMS0-d 6 , 8) 

15 7.10 <br, 2H, NH 2 ), 9.12 <s, 1H) 

Reference Exanple 14: Synthesis of 1-anino-l , 2, 3-triazole 

In 20nl of distilled water were dissolved 2. 7Sg< 20nreol ) of potassiun 
carbonate and 1.38gC20nnol) of 1H-1, 2,3-triazole and 2. 26g(20nnnol) of 

20 hydroxy lanine-0-su If onic acid was added thereto. The mixture was 
stirred at rooia temperature for 9 hours, concentrated under the reduced 
pressure and ethanol was added to give a precipitate, which was filtered 
off. The filtrate was concentrated under the reduced pressure and 
crystallized from tetrahydrofuran/diethyl ether/chloroforn to give 1 0.96g 

25 of the desired product(57%) . 

a. p. = six: 

NMR (DMS0-d 6 + D2O, S) 
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7.8 (d, 2H) 

Reference Example 15: Synthesis of 1-aminobenziraidazole 

In a mixed slovent of water(50ml> and ethanol ( 50ml ) was dissolved 
5 19. 64g(35nmol) of potassium hydroxide and 5. 91g( 5mmol) of 
lH-benzimidazole was added thereto. Water (10ml) containing 14.41g 
(125mraol) of hydroxy lam ine-0-su If onic acid was slowly added while 
maintaining the temperature at 30*C and the mixture was stirred at the 
same temperature for 18 hours. 

10 The insoluble was filtered off, and the filtrate was extracted with 
ethyl acetate. The ethyl acetate layer was dried over anhydrous 
magnesium sulfate and concentrated to drlness. The concentrate was 
subjected to column chromatography over silica gel using 50% ethyl 
acetate/dichloromethane as an eluent. The fractions containing the 

15 desired product were concentrated under the reduced pressure to give 
3.06g of the desired compound in a form of white crystal (46%) . 
■ •P. = 141°C 
NMR (DMS0-d 6l $ ) 

6.19 <br, 2H, NH 2 >, 7.08—7.44 (m, 2H) 

20 7.45—7.76 (m, 2H) , 8.13 (s. 1H) 

Reference Exanple 16: Synthesis of 1-amino-l , 4, 5, 6-tetrahydropyrimidine 

To 2.76g(20ramol) of potassium carbonate were added 30ral of water and 
10ml of ethanol, and 1. 64ml (20mmol ) of lH-i,4,5,6-tetrahydropyri'midine 
25 was added thereto. Water(lOml) containing 2.26g(20mmol) of 

hydroxy laaine-0-sulfonic acid was slowly added to the mixture at 30*C or 
below and the resulting mixture was stirred at room temperature for 24 
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hours. After completion of the reaction, the insoluble was filtered 
off, and the filtrate was extracted twice with ethyl acetate. The 
ethyl acetate layer containing the desired product was dried over 
anhydrous magnesium sulfate, concentrated under the reduced pressure and 
5 purified by silica gel column chromatography (eluenf. 10% aqueous 
methanol) to give 0.56g of the desired coapound(2fiX) ♦ 
NMR (DMSO-dd, 6>) 

1.4 — 1.8 (q, 2H). 3.3—3.8 (m, 4H) 
3.6 (s, 1H). G.5 (br. 2H) 

10 

Reference Example 17: Synthesis of 1-anino-l-iaethyl 

piperaziniun chloride hydrochloride 
In 30nl of water was dissolved 2. 84g(20mnol) of 4-acety l-l-methy 1 
piperazine and 3.4g(30mmol) of hydroxy lamine-0-su If onic acid was added 

15 thereto. To the mixture, 2.4g(60mmol ) of sodium hydroxide was added in 
snail amounts and the- resulting mixture was stirred at 40*C for 2 hours, 
cooled to 5*C and the pH was adjusted to 7—8 with cone. hydrochloric 
acid while keeping the above temperature. The reaction solution was 
concentrated under the reduced pressure m to remove water and methanol 

20 was added to the residue. The mixture was stirred for 1 hour and 
filtered. The filtrate was dried over anhydrous nagnesiun sulfate and 
concentrated under the reduced pressure to give 2.8g of 
l-methyl-l-amino-4-acetylpiperazinium in a form of white crystal (88. 5%) . 
Thus obtained product 2.8g(18nmol) was dissolved in 50nl of water 

25 and 2.88g (72nmol) of sodium hydroxide was added thereto. 

The reaction mixture was stirred at 50*C for 2 hours and the pH was 
adjusted to 1 with cone. hydrochloric acid. The nixture was 



ISO ID: <\ o 



9200981A1J_> 



WO 92/00981 



PCT/KR91/00012 



36 

concentrated under the reduced pressure and nethanoJ was added thereto. 
The resulting mixture was stirred for 1 hour and the precipitate was 
filtered off. The nethanol solution containing the desired product was 
dried over anhydrous magnesium sulfate and concentrated under the 
5 reduced pressure to give 2.33g of the desired compound in a form of 
white crystal (62X). 
id. p. = 230*C (dec. ) 
NMR (DMS0-d<s, &) 

3.98—3.65 <m, 4H, -CH2-NH-CH2) , 3.53 (s, 3H> CH 3 ) 
10 3.75— 4.10 (m, 4H) , 6.57 (s, 2H, NH 2 ) 



Exanple 1 

Synthesis of (6R.,7R)-7-[(Z)-2-(2-aminothiazol-4-y])-2- 
methoxyiminoacetanido]-3-(l-arainopyrrolidiniuainethyl)- 
15 ceph-3-em-4-carboxylate 

In 40ml of water was dissolved 8. 99g(60mmol ) of sodium iodide and 
the solution was heated to 65— 70*C. Sodiuo (6R, 7R)-7-[(Z)-2-(2- 
an inothi azo J -4-y 1 ) -2-reethoxyininoacetamido] -3-acetoxyme thy i -ceph-3-eJn-4- 
carboxylate(9. 54g,20fflmol) and 2. 94g(24mmol) of 1-aninopyrrolidine 
20 hydrochloride were added thereto and the raixture was stirred for 1.5 
hours while adjusting its pH to 6—6.5. The reaction solution was 
cooled to room temperature, its pH was adjusted to 1 — 1.5 with 3N 
hydrochloric acid and then was stirred for 30 nin. The resulting 
precipitate was filtered off and the filtrate was concentrated under the 
25 reduced pressure and a snail amount of water was added thereto. Column 
chromatography over aluminium oxide(80X aqueous acetonitri le) , silica 

® 

gel (80% aqueous acetonitrile) and then DIA10N HP-20(Mitsubishi) (BOX 
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aqueous acetonitri 1 e) were conducted. Concentration followed by 
lyophilization gave 2.12g of the desired product in a foria of white 
power (22%) . 

Rf = 0.31 (in 80% aqueous acetonltri le) 
5 m.p. = 182'C~-(decoap. ) 
MS (FAB, M+l) = 482 
NMR (20% DC1, S) 

1.75—2.30 (jd, 4H), 2.90—3.70 <n, 6H) 
3.80 (s, 3H, 0CH 3 ), 3,80—4.20 (m, 1H, C-3) 
10 4.4—4.9 U, 1H, C-3), 5.17 (dd, 1H, C-6) 

5.7(dd, 1H, C-7), 7.15 (s, 1H, thiazole-H) 



Example 2 

Synthesis of (6R, 7R)-[ (Z)-2-(2-aninothiazol-4-yl )-2- 
15 nethoxyininoacetanido]-3-[ (4-a»inomorphol in-4-ium) 

met hyl]-ceph-3-em-4-car boxy late 

By following the procedure in Example 1. except that 2.31ml (24nmol ) 
of 4-aBinomorpholine was employed in place of 1-aminopyrrolidine, there 
was obtained 2.5g of the desired compound.(25%) . 
20 Rf s 0.35 (in 80% aqueous acetonitri le) 
m.p. = 126*C^(deconp, ) 
NMR (20% DC1, d) 

3.35—4.55 (d, 10H, norpholine, C-2). 4.09 (s, 3H, OCH3) 
4,95—5.34 (q, 2H, C-3), 5,32 (d, 1H, C-6) 
25 5.85(d, 1H, C-7), 7.20 (s, 1H, thiazole-H) 
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Example 3 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-yl )-2- 

methoxyiminoacetanjido]-3-(l-aniinopiperidiniuBimethyl)- 

ceph-3-em-4 -car boxy 1 ate 
5 By following the procedure in Example 1 except that 2. 59ml (24nunol) 

of 1-aminopiperidine was employed in place of 1-arainopyrrolidine, there 
was obtained 2.3g of the desired product {23%) . 
Rf = 0.35 (in 80% aqueous acetonitri le) 
m.p. = 120'C-*~(decorip. ) 
10 NMR (20% DC1, 5*) 

1.5—2.2 (a, 6H), 3,75 (s, 3H, OCHa), 3.2—4.35 (m, 6H) 

4.89— 5.2 (m, 2H, C-3) , 5.37 (d. 1H, C-6) 

5.95(d, 1H/C-7), 7.18 (s, 1H, thiazole-H) 

15 Example 4 

Synthesis of ( 6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-yl )-2- 
methoxyiminoacetaiaido]-3-[(l-amino-4-hydroxypiperidinium) 
methyl ] -ceph-3-em-4 -car boxy late 

By following the procedure in Exanple, 1 except that 2. 79g(24mraol ) of 
20 l-araino-4-hydroxypiperidine was employed in place of 1-aminopyrrol idine, 
there was obtained 2.1g of the desired product(20%) . 
Rf = 0.15 (in 80% aqueous acetonitri le) 
NMR (20% DC1, d) 

1.12 — 1.98 (m, 4H), 3.2—4.4 (m, 7H) 
25 3.85 (s, 3H, OCHa), 4.86—5.2 (br, 2H, 03) 

5.34(d, 1H, C-6), 5.96 (d. 1H, C-7) 
7.2 (s, 1H, thiazole-H) 
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. . Example 5 

Synthesis of <6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-y 1 )-2- 
methoxyiminoacetanLido]-3-[ ( 2-amino-l , 2, 3, 4-tetrahydroisoquinol in- 
2- ium ) ne thy 1 ] -ceph-3-em-4 -car boxy 1 ate 
5 In a mixed solvent of acetonitri le(5nl ) and water(30al) was 

dissolved 4. 02g(30nnol ) of lithiua iodide, 0. 99g( 6. 66naiol ) of 
2-anino-l f 2,3, 4-tetrahydroisoquinoiine was added thereto and the 
temperature was raised to $7— 70*C. To the reaction solution was added 
1.43g(3mmol) of sodiun(6R, 7R)-7-[(Z)-2-(2-aminothiazoL-4-y] >-2-Biethoxy- 
10 iiainoacetaDiido]-3-acetoxyiaethyl-ceph-3-ein~4-carboxylate, and the 
reaction mixture was stirred at 70— 72°C for 2 hours while adjusting the 
pH to 6.5—7.0. 

After completion of reaction, the reaction solution was cooled to 
room teraperature and stirred for 30 nin while adjusting the pH to 1—1.5 
15 with IN hydrochloric acid. The insoluble was filtered off and the 
filtrate was concentrated under the reduced pressure. The concentrate 
was subjected to column chronatography over aluminiua oxide and silica 
geKeluent: 80% aqueous acetonitri le). 

The fractions obtained were concentrated under the reduced pressure, and 
20 the concentrate was dissolved in a snail anount of water followed by 

® 

purification by DIAIOH HP-20(Mitsubishi) colunn chromatography (eluent: 
8% aqueous ethanol). 

The fractions containing the desired product were concentrated under the 
reduced pressure and freeze-dried to give 0.23g of the desired compound 

25 

in a pale yellow amorphous foru(14X). 
Rf = 0.4 (in 80% aqueous acetonitrile) 
MS (FAB, H+l) = 544 
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NMR (DMSO-d* + 20% DC], 8) 

3.1—3.5 On, 2H), 3.5 —4.3 (m, 6H) 
4.04 (s, 3H, 0CH 3 ), 4.5—5.1 (m, 2H, C-3) 
5.2(dd, 1H, C-6), 5.8 (dd, 1H, C-7) 
5 7.09 (s, 1H, thiazole-H), 7.1—7.8 (n, 4H, phenyl) 

Example 6 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aninothia2ol-4-y 1 )-2- 
methoxyiminoacetaraido]-3-( 1-arainoindo] iniummethyl)-ceph- 
3-em-4-carboxy late 

By following the procedure in Example 5 except that 0. 9g(6. 68ramol ) 
of 1-aminoindoline was employed in place of 2-aiaino-l, 2,3,4- 
tetrahydroisoquinoline, there was obtained 0.2g of the desired product 
(13%). 

Rf = 0.37 (in 8 OX aqueous acetonitri le) 
NMR (DMSO-de + 20* DC1, 8) 

2.8—3.1 (in, 2H), 3.4 —4.4 (m, 4H) 
4.01 (s, 3H, 0CH 3 ), 4.6—5.1 (n, 2H, C-3) 
5.1(d, 1H, C-6), 5.7 (d, 1H, C-7) 

7.01 (s, IK, thiazole-H), 7.03—7.7 (ra, 4H, phenyl) 
Exanple 7 

Synthesis of (6R l 7R)-7-[(Z)-2-(2-aminothia2oi-4-yl)-2- 
methoxyifflinoacetanidoj-3-(l-arainoindoliujnroethyU- 
2 5 ceph-3-eB-4-carboxy 1 ate 

By following the procedure in Example 5 except that 0. 9g(6. 68iamol) 
of l-aiainoindole was employed in place of 2-amino-l , 2,3, 4- 
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tetrahydroisoquinoline, there was obtained 0.26g of the desired 
product (17%) . 

Rf = 0.36 (in 80% aqueous acetonitri le) 

NMR (DMSO-da + 20% DC], d) 
5 3.5—3.9 (m, 2H, C-2), 3.86 (s, 0CH 3 ) 

4.6—5.1 (m, 2H, C-3), 5.2 (d, 1H, C-6) 
5.6(d, 1H, C-7), 6.45 (d, 1H). 7.01 (s, 1H, thlazole-H) 
7.05—7.8 (n, 5H,* phenyl) 

10 Example 8 

Synthesis of <6R, 7R)-7-[ (Z)-2-(2-aninothiazol-4-y 1 )-2- 
Bjethoxyiminoacetamido]-3-[(l-aiiino-l , 2, 3 , 6-tetrahydropyridinium) 
methyl]-ceph-3-em-4-carboxylate 

In a nixed solvent of acetonitri le(4»! ) and waterOnl) was dissolved 
15 3.21g(24mraol) of lithium iodide and the solution was heated to 70X2 . 
0.33g(3.36mnol ) of 1-amino-l, 2,3, 6-tetrahydropyridine was added thereto 
and 0.764g(1.6maol) of sodium (6R,7R)-7~[(Z)-2-(2-aminothia2ol-4-yD- 
nethoxyininoacetanido]-3-acetoxyjDethyl-ceph-3-eii-4-carboxylate was added 
while adjusting the pH to 6.5—7. The mixture was stirred at 70— 72*C 
20 for 1 hour while adjusting the pH to 6.5—7.0. 

The reaction solution was cooled to room temperature, and its pH was 
adjusted to 1 — 1.5 with 3N hydrochloric acid. The solution was stirred 
for 30 min, the resulting precipitate was filtered off and the filtrate 
was concentrated under the reduced pressure. The concentrate was 
25 dissolved in a small aoount of water and subjected to colunn 
chromatography over aluminium oxide(80% aqueous acetonitri J e) , silica 

® 

gei(85% aqueous acetonitri le ) and D1A10N HP-20 (Mitsubishi) (80% aqueous 
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acetonitrile) . The fractions containing the desired product were 
concentrated and freeze-dried to give 158mg of the desired 
compound (20%) . 

Rf = 0.29 (in 80% aqueous acetonitrile) 
5 NMR (DMS0-d fi , £ ) 

2,0—2.4 <m, 2H), 3.0 —3.9 <b, 6H) 
3.97 <s, 3H, OCHa), 4.0—4.3 (m f 1H, C-3) 
4.7—5.1 <jn, 1H, C-3), 5.15 (d, 1H, C-6) 

5.5— 5.9 <m, 3H, 07), 6.73 (s, 1H, thiazole-H) 
10 9.5 (d, 1H, -NH) 

Exaraple 9 

Synthesis of (6R t 7R)-7-[(Z)-2-(2-aininothiazol-4-y])-2- 
fflethoxyijaii)oacetamido]-*3-[(l-anino-3-pyrrolin-l-iujn) methyl] 
15 -ceph-3-en~4-carboxylate 

By following the procedure in Example 8 except that 0.28g(3.36 ramol) 
of l-amino-3-pyrroline was employed in place of 1-amino-l , 2, 3-6- 
tetrahydropyridine, there was obtained 0. 17g of the desired compound 
(22%). 

20 Rf = 0.3 (in 80% aqueous acetonitrile) 
NMR (DMSO-dd + 20% DC1, d) 

3.6— 4.0 <n, 2H, C-2>, 3.86 (s, 3H. OCHa) 
4.6 (s, 4H), 4.56— 5.1 (m, 2H, C-3) 
5.2(d, 1H, C-6), 5.6 (d, 1H, C-7) 

05 5.9 (s, 210, 7.01 (s, 1H, thiazole-H) 
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ExanpJe 10 

Synthesis of <6R,7R)-7-[(Z)-2-(2-aminothiazoi-4-yl)-2- 
nethoxyiininoacetamido]-3-(l-aminopyrroliuni)ethy] )- 
ceph-3-effl-4-carboxylate 
5 By following the procedure in Exaiiple 8 except that 0.28g(3.36mnol) 

of 1-aninopyrrole was enployed in place of l-anino-1,2,3, 6- 
tetrahydropyridine, there was obtained 0* 16g of the desired 
conpound(21%) . 

Rf = 0.29 (in 80X aqueous acetoni tri le) 
10 NMR (DMSO-d* + 20* DC1, # ) 

3.6—4.1 (a, 2H, C-2), 3.83 (s, 3H, 0CH 3 ) 
4.6—5.1 <n, 2H, C-3), 5.15 (d, 1H, C-6) 
5.62(d, 1H, C-7), 6.1 (t, 2H) 
6.5 (t, 2H>. 7.01 (s, 1H, thiazole-H) 

15 

Example 11 

Synthesis of (6R, 7R)-7-t(Z)-2-(2-aiiinotluazol-4-yl )-2- 
methoxyininoacetaiiido]-3-[(l-aiiino-l-iBethyl-4-plpera2iniuii)raethyl]- 
ceph-3-eB-4-car boxy late 
20 In 8ml of water was dissolved 2.5g(17ainol) of sodium iodide, 8nl of 

acetonitrile was added thereto and the aixture was heated to 65— 70*0. 
0.376g(2»aol) of l-anino-l-nethy lpiperazlniua chloride hydrochloride and 
0.48g(lnnol) of sodium (6R, 7R)-7-[ (Z)-2-(2-aflinothiazol-4-yl )-2- 
nethoxyininoacetanido]-3-acetoxyiiethyl-ceph-'3-eB-4-carboxy late were 
25 added in this order and the pH was adjusted to 6.8 with sodium 
bicarbonate solution. The reaction solution was stirred at 65—70*0 
for 2 hours, cooled to room teuperature and washed three tines with 50m] 
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of dichloromethane. The aqueous layer was adjusted to pH 2 with 6N 
hydrochloric acid, concentrated under the reduced pressure and the 
resulting precipitate was filtered off. The filtrate was concentrated 
under the reduced pressure and the concentrate was subjected to silica 
5 gel column chromatography (80% aqueous acetonitri le) . The fractions 
containing the desired product were purified by HP-20 column 
chromatography using the same eluent to give 0.37g of the desired 
compound (73%) . 

Rf = 0.11 (in 80% aqueous acetonitri le) 
10 iiup. = 194'C — (decoiap. ) 
NS(FAB, M+l) = 511 
NMR (DMSO-d*, &) 

3.0—3.7 (m, 15H), 3.83 (s, 3H, 0CH 3 ) 
4.96 <d f 1H, C-6), 5.51 (dd, 1H, C-7) 
15 6.03(s, 2H, NH2) 1 6.73 (s, 1H, thiazole-H) 

7.18 (br, 2H), 9.45 (d, 1H, -NH) 

Example 12 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazoi-4-yI )-2- 
20 methoxyiminoacetaaido]-3-[ (4-amino-l , 2, 4-triazol-2-iura) methyl ]- 

ceph-3-em-4-carboxy 1 a te 
In 25ml of distilled water was di ssolved 4.3g(30mmol) of sodium 
iodide and the solution was heated to 70— 75°C. 1.0g(12ramol) of 
4-amino-l,2,4-triazole and 4. 77g< lOmmol ) of sodium <6R, 7R)-7-[(Z)- 
25 2-(2-arainothiazol-4-yl)-2-methoxyininoacetamido]-3-acetoxymethyl-ceph-3- 
em-4-carboxylate were added thereto and the pH was adjusted to 6—6.5. 
The reaction mixture was stirred at 70— 75*C for 1 hour, the reaction 



BNSOOCID: <WO 9200981 1 I > 



WO 92/00981 



PCT/KR91/00012 



45 

solution was cooled to room temperature and the pH was adjusted to 1 — ^1,5 
with 3N hydrochloric .acid. The resulting precipitate was filtered off 
and the filtrate was concentrated under the reduced pressure. The 
concentrate was dissolved in a small amount of water and subjected to 
5 colunn chromatography over aluminum oxide(80X aqueous acetonitrile) and 
HP-20 (85% aqueous acetonitrile). The fractions containing the desired 
product were concentrated and freeze-dried to give 1 . 68g of the desired 
product (35X) . 
Rf = 0.23 (in 80X aqueous acetonitrile) 
10 m.p. = 170*C — (deconp.) 
MS (FAB, M+l) = 480 
NMR (DMSO-d* + 20% DC], $ ) 

3.3—3.6 (hi, 2H. C-2), 3.83 (s, 3H, OCHa) 
5.04 (d, 1H, C-6), 5.0—5,35 (q, 2H, C-3) 
15 5.6(d, 1H, C-7), 7.01 (s, 1H, thiazole-H) 

8.76, 9.81 (s,s, 2H, triazole) 



Example 13 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl)-2- 
20 nethoxyiBinoacetaiiido]-3-[(l-aiiino-l,2,4-tria2o]-4-iuffl) 
methy 1 ] -ceph-3-em-4-car boxy 1 ate 

In a nixed solvent of acetonitrile (lOnl) and waterdOml) was 
dissolved 9.69g(64.65 nmoJ ) of sodium iodide and the solution was heated 
to 70—7510. 1.63g(19.4mijol) of 1-aaino-l, 2,4-triazole and 6.17g(12.93 
25 dhoI ) of - sodium (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-y 1 )-2-nethoxy- 
iminoacetaaido]-3-acetoxynethy l-ceph-3-ew-4-carboxylate were added 
thereto, and the mixture was stirred at 70— 75XZ for 1.5 hours while 
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adjusting the pH to 6—6.5 and cooled to room temperature. After 
adjusting the pH to 1 — 1.5 with 3N hydrochloric acid, the reaction 
mixture was stirred for 30 rain. The resulting precipitate was filtered 
off and the filtrate was concentrated under the reduced pressure. The 
5 concentrate was dissolved in a snail amount of water and subjected to 
column chromatography over aluminium oxide (80% aqueous acetonitri le) , 
silica get (85% aqueous acetonitri le) and then HP-20 (Mitsubishi) (80% 
aqueous acetonitri le) . The fractions containing the desired product 
were concentrated and freeze-dried to give 2.05g of the desired compound 
10 (33%). 

Rf = 0.31 (in 80% aqueous acetonitri le) 
m.p. = 166*C — (deconp. ) 
MS (FAB, M+l) = 480 
NMR (DMS0-d6 + 20% DC1, S) 
15 3.28—3.7 (a, 2H, C-2), 3.83 (s, 3H, 0CH 3 ) 

5.1 (q, 2H, C-3), 5.18 (d, 1H. C-6) 
5.61(d, 1H, C-7), $.91 (s, 1H, thiazole-R) 
8.74, 9.680s, s, 2H, triazole) 

20 Example 14 

Syhthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-y 1 )-2- 
methoxyiminoacetamido]-3-[ ( l-aminoiraidazol-3-iura) methyl ]- 
ceph-3-em-4 -car boxy 1 ate 

By following the procedure in Example 13 except that 1 . 61g( 19. 4ramol ) 
25 of 1 -amino imidazole was employed in place of 1-amino-l, 2, 4- triazole, 
there was obtained 1.95g of the desired compound ( 32%) . 
Rf = 0.29 (in 80% aqueous acetonitri le) 
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NMR (DMS0-d6 + 20% DC] , $ ) 

3.2—3.74 (n, 2H, C-2) , 3.86 (s, 3H, OCHa) 
5.08 (q, 2H, C-3), 5.2 (d, 1H, C-6) 
5.6(d, lH f C-7), 6.95 (s, 1H, thiazoie-H) 
5 7.6, 8.3 (s,s, 2H), 9.3 (s, 1H) 

Example 15 

Synthesis of (6R. 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )-2- 
inethoxyiininoacetanido]-3-[(l-aniinopyra2ol~2-iujn)nethyl]" 
10 ceph-3-en-4-carboxylate 

By following the procedure in Example 13 except that 1 . 61g(19.4mmol) 
of 1-aminopyrazole was employed in place of 1-amino-l ,2,4-triazole, 
there was obtained 1.8lg of the desired compound(29%) . 
Rf = 0.3 <in 80% aqueous acetonitrile) 
15 NMR (DMS0-d 6 + 20% DC1, 6") 

3.27—3.74 (m, 2H, C-2), 3.9 (s, 3H, 0CH 3 ) 

5.1 (q, 2H, C-3), 5.15 <d, 1H, C-6) 
5.68(d, 1H ( C-7), 6.7 (t, 1H) 

7.02 (s, 1H, thiazole), 7.8, 8.4 (s.s 2H) 

20 

Example 16 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-yl )-2- 
methoxyiminoacetamido]-3-[ (l-aminotetrazo]-4-iura)nethyl ]- 
ceph-3-em-4-carboxylate 
25 By following the procedure in Exnaple 13 except that 1. 67g(19.4minol) 

of 1-aminotetrazole was employed in place of 1-amino-l , 2, 4-triazole, 
there was obtained 1.73g of the desired compound(28%) . 
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Rf = 0.25 (in 80X aqueous acetonitri le) 

NHR (DMS0-d6 + 20% DC1, #) 

3.20—3.74 (m, 2H, C-2), 3.83 (s, 3H, 0CH 3 ) 
5.12 (q, 2H, C-3), 5.21 (d, 1H, C-6) 
5 5.63(d, 1H, C-7), 7.01 (s, 1H, thiazole-H) 

9.7 (s, 1H, tetrazole) 



Example 17 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aBunothiazol-4-y])-2- 
10 methoxyiininoacetaiUdoJ-S-fO-ainino-l, 2, 3-triazol-3-iura) 

me thy 1 ] -ceph-3-em-4-car boxy 1 ate 

By following the procedure in Exaiaple 13 except that 1 . 63g(19. 4mnol) 
of l-aaino-l,2,3-triazole was employed in place of 1-anino-l , 2,4- 
triazoie, there was obtained 2.02g of the desired compound ( 33X ) . 
15 Rf = 0.24 (in 80% aqueous acetonitri le) 
m.p. = 126*C "-(decoiip. ) 
MS (FAB, M+l) =480 
NMR (DMS0-d 6 + 20% DC1, S ) 

3.21—3.68 (11, 2H, C-2). 3.9(s, 3H, OCH3) 
20 5.12 (q, 2H, C-3) a .5.16 (d, 1H, C-6) 

5.65(d, 1H, C-7), 7.01 (s, 1H, thiazole-H) 

7.8, 8.7 (s,s, 2H, triazole) 

Example 18 

25 Synthesis oT (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-yl )-2- 

nethoxyiiainoacetanido]-3-[ (l-aminobenzotriazol-3-iuo) 
methyl ]-ceph-3-em-4-carboxy late 
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In a nixed solvent of acetonitrile(lOral) and water(15ml) was 
dissolved 6. 69g(50mnol ) of lithium iodide and the solution was heated to 
65— 67*C. 2.42g(18mmol) of 1-aminobenzotriazole and 4. 77g(10amol) of 
sodium (6R i 7R)^7-[(2)-2-(2-aninothia2ol-4-yl)-2^Bethoxyiainoacetanido]- 
5 3-acetoxynethyl-ceph-3-em-4-carboxylate were added thereto, and the 
mixture was stirred at 72*C for 1 hour while adjusting the pH to 6.5— 
7.0. 

After completion of reaction, the reaction solution was cooled to 
room temperature and stirred for 30 min while adjusting its pH to 1—1.5 
10 with 3N hydrochloric acid. The insoluble was filtered off and the 
filtrate was concentrated under the reduced pressure. The concentrate 
was subjected to column chromatography over aluminium oxide and silica 
gel using 80% aqueous acetonitrile as an eluent. The fractions 
obtained were concentrated under the reduced pressure and dissolved in a 
15 small amount of water. This was purified by HP-20(Mitsubishi) colunn 
chromatography (eluent: 15% aqueous acetonitrile). The fractions 

containing the desired product were concentrated under the reduced 
pressure and freeze-dried to give 1.48g of the desired compound in pale 
yellowish white amorphous form (28X). 
20 Rf = 0.3 (in 80X aqueous acetonitrile) 
m,p. = 168*C — (decomp.) 
MS (FAB, M+i) = 530 
NMR (DMS0-d<5 + 20X DC1 , d ) 

3.85—4.0 (n, 2H, C-2), 4.05(s, 3H, 0CH 3 ) 
25 5.05 — 5. 5(q, 2H, C-3), 5.3 (d, 1H, C-6) 

5.86(d, 1H, C-7), 7.04 (s, 1H, thiazole-H) 
7.65—8.1 (m, 4H, phenyl) 
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Example 19 

Synthesis of (6R,7R)-7-[(Z)-2-(2-aminothiazoi-4-y])--2-- 
methoxyiminoacetamido]-3-[(l-aminobenzimidazol-3-iuro) 
net hy 1 ] -ceph-3-em-4-car boxy 1 ate 
5 Id a mixed solvent of acetonitrile(lOml) ad water(20ral) was 

dissolved 16.06g(120nmol ) of lithium iodide, the solution was heated to 
65*C and 3. 2g(24mnol ) of 1-aminobenzimidazole and 5. 73g( 12mmol ) of 
sodium (6R,7R)-7-[(Z)-2-(2-aDiinothia2ol-4-yl)-2~nethoxyiminoacet-aBiido]- 
3-acetoxymethyl-ceph-3-em-4-carboxylate were added thereto. The 
10 reaction mixture was stirred at 70*C for 1.5 hours while adjusting the 
pH to 6.5—7.0. 

After completion of reaction, the reaction solution was cooled to 
room temperature and the pH was adjusted to 1—1.5 with 3N hydrochloric 
acid. The insoluble was filtered off and the filtrate was concentrated 

15 under the reduced pressure. 

The concentrate was subjected to column chromatography over aluminium 
oxide and then silica gel <eluent:80* aqueous acetonitrile) . The 
fractions obtained were concentrated under the reduced pressure and 
dissolved in a small amount of water. This was purified by HP-20 

20 (Mitsubishi) column chromatography using 15% aqueous acetonitrile. The 
fractions containing the desired product were concentrated under the 
reduced pressure and freeze-dried to give 2.28g of the desired compound 
in a white amorphous form(36%). 
Rf = 0.3 (in 80X aqueous acetonitrile) 

25 m.p. = 155*C — (decomp.) 
MS (FAB, M+l) = 529 . 
NHR (DMS0-d<s, S ) 
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3.2—3.7 (m, 2H, C-2), 3.8 (s, 3H, OCHa) 
5.04 (d, 1H, C-6), 5.4— 5. 8U, 3H, C-3, C-7) 
6.75(s, 1H, thiazoie-H), 7.5—8.5 (n, 4H, phenyl) 
10.15 (s, 1H, imidazole) 

5 

Exanple 20 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-anijiothiazol-4-yl )- 
2-methoxyiminoacetaiaido]-3-[ (l-aminoinda2ol-2-iu»)Bethy] ]- 
ceph-3-en-4 -car boxy late 
10 By following the procedure in Example 19 except that 3. 2g(24mraol ) of 

1-aninoindazole was employed in place of l-aminobenzinidazole, there was 
obtained 1.94g of the desired compound (3 1 X) . 
Rf = 0.31 (in 80% aqueous acetonitri le) 
NMR (DMS0-d 6 + 20% DC1. d) 
15 3.87—4.1 (n, 2H, C-2), 4.02 (s, 3H, 0CH 3 ) 

5.3 (q, 2H, C-3), 5.33 (d, 1H, C-6) 
5.82 <d. 1H, C-7), 7.03 (s, 1H, thlazole-H) 
7.1—8.2 <m, 4H. phenyl), 8.8 (s. 1H) 

Example 21 

Synthesis of (BR, 7R)-7~[ (Z)-2-(2-aainothiazol-4-yl )<- 

2- methoxyiminoacetanido]-3-[ (1-amino-l ,4, 5, 6-tetrahydropyrlraidin- 

3- ium) methyl ]-ceph-3-eji-4-carboxy late 

By following the procedure in Example 19 except that 2. 38g(24iainol ) 
of l-anino-l,4.5 t $-tetrahydropyriinidine was employed in place of 
l-aninobenzimidazole, there was obtained 1.68g of the desired compound 
(28%). 
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Rf = 0.29 (in 80% aqueous acetonitri le) 

NMR (DMS0-d<s + 20% DC], $ ) 

1.4 — 1.6 (q, 2H), 3.3—3.9 (m, 6H) 
3.98 (s, 3H, 0CH 3 ), 5.21 (q, 2H, C-3) 
5 5.3 (d ( 1H, C-6), 5.75 (d, 1H, C-7) 

7.04 (s, 1H, thiazole-H), 8.5 (s, 1H) 



Preparation Example 1 

Synthesis of ( 6R f 7R)-7-[ (Z)-2-(2-aminothiazoi-4-y] )-2- 
10 carboxyraethoxyiminoacetamido]-3-acetoxyraethyl-ceph-3-em- 
4-carboxylic acid 

A) In 15ml of N,N-dimethylforraamLde were dissolved 1.09g(2mno-l) of 
(Z)-2-(2-tritylaminothiazol-4-yl )-2-(2-tert-butoxycarbonylmethoxyimino) 
acetic acid and 0. 88g(2ramol ) of diphenylmethyl 7/9 -aroino-3- 

15 acetoxymethyl-ceph-3-em-4-carboxylate, and the solution was stirred and 
cooled to 0*C. 0.28g(2.1mraol) of 1 -hydroxy benzotriazoie and then 
0.43g(2. iranol) of dicyclohexylcarbodilraide -were added thereto. The 
reaction mixture was stirred at room temperature for 5 hours and left to 
stand overnight. The reaction mixture was filtered and the filtered 

20 solid was washed with diethyl ether. The filtrate and the washing were 
combined together and 100ml of water added thereto followed by 
extraction with ethyl acetate. The organic layer was washed with 
water, IN hydrochloric acid, sodium bicarbonate solution and then 
saturated brine, separated, dried over anhydrous sodium sulfate and 

25 concentrated under the reduced pressure. The concentrate was subjected 
to silica gel chromatography (e luent: 2.5X methanol /diohlororaethane) . 
The desired fractions were concentrated under the reduced pressure and 
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crystallized from diisopropyl ether to give 1.35g of di phenyl methyl (6R, 
7R)-7-t(Z)-2-(2-tritylaiBinothiazol-4-yl)-2-(2«-tert-butoxycarboiiyl- 
Biethoxyimii)o)acetainido]-3-acetoxynethyi-ceph-3-ein-4-carboxylate as a 
desired compound ( 70%) . 
5 B) In a nixed solvent of anisole( 15nl ) and trif luoroacetic acid(15mi) 
was dissolved 1.35g(1.4mraol) of the product prepared in the above(A) at 
0*C and the solution was stirred at roon tenperature for 2 hours. 
After completion of the reaction, the reaction solution was concentrated 
under the reduced pressure and the residue was placed in 150ml of 
10 n-hexane cooled to -20 ft C^-30°C. 70ml of diethyl ether was added 
thereto and the resulting precipitate was filtered to give 0.75g of (6R, 
7R)-7-[(Z)-2-(2-aralnothiazol-*4-yl)-2-carboxyjnethoxyiininoacetaiaido]«-3- 
acetoxynethyi-ceph-3-en-4-carboxylic acid trif luoroacetate. The solid 
was suspended in 10ml of water, the pH was adjusted to 6.5 with 
15 saturated sodium bicarbonate solution and the solution was washed with 
ethyl acetate. The aqueous layer was adjusted to pH 1.5 and the 
resulting precipitate was filtered to give 0.48g of (6R f 
7R)-7-[(Z)-2-(2-aninothiazol-4-yl)-2-carboxymethoxyiminoacetaniido]-3- 
acetoxyraethyl-ceph-3~em-4-carboxylic acid as a desired compound ( 68%) . 
20 Rf = 0,65 (in 80% aqueous acetonitri le> 
MR (DMSQ-d 6 , $) 

2.11 (s, 3H), 3.25— 3. 82 lq, 2H, C-2) 

4.60 (s, 2H), 4.79—4.89 <d, 2H. C-3) 

5.19—5.25 (d, 1H, C-6), 5.79 — 5.85 (dd, 1H, C-7) 
25 6.71 (s, 1H, Uuazole-H), 7.27 <br, 2H) 

9.47 (d, 1H) 



B ' DOClD: <WO 920Q981A1J_> 



WO92/00981 



PCT/KR91/000I2 



54 

Example 22 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-ajninothiazol-4-y] )- 
2-carboxyniethoxyiminoacetainido] -3- [ ( ino-1 , 2 , 3 , 6« 
tetrahydropyridiniuni)raethyi J-ceph-3-en-4-carboxyiate 
5 In 15ml of water was dissolved 3. 75g(25mmol) of sodium iodide and 

the solution was heated to 70— 75°C. To this was added 0. 59g(6mraol ) of 

1- amino-l , 2,3, 6-tetrahydropyridine and 2. 5g(5raraol ) of ( 6R, 7R)-7-[ (2>- 

2- (2-aminothia2ol-4-yl)-2-carboxynethoxyiminoacetamido]-3-acetoxynietliyl- 
ceph-3-em-4-carboxyl ic acid prepared in Preparation Example 1 was 

10 slowly added while adjusting the pH to S. 5—7.0. The mixture was 

stirred at 70—75*0 for 2 hours, cooled to room temperature and the pH 
was adjusted to 1 — 1.5 with 3N hydrochloric acid. After stirring for 
30 rain, the resulting precipitate was filtered off and the filtrate was 
concentrated under the reduced pressure. A snail amount of water was 

15 added to the concentrate and chromatography over HP-20(eluent: 80% 
aqueous acetonitrile) was carried out. The fractions containing 

desired product were concentrated under -the reduced pressure and 
freeze-dried to give 0.46g of the desired compound(17%) . 
Rf = 0.28 (in 80% aqueous acetonitrile) 

20 NMR (DMS0-da, 8) 

2.1—2.45 tn,.2H), 3.2~4.4 (m, 6H) 

4.71 (s, 2H), 4.8—5.2 (m, 2H, C-2) 
5.21 (d, 1H, C-6), 5.5—5.87 (m, 3H) 

6.72 (s, 1H, thiazole-H), 7.25 (br, 2H) 
25 9.45 (d, lH f -NH) 
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Example 23 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aninothiazol-4-yl)- 
2-carboxytiethoxyifflinoacetanido]-3-(l-amiJiopiperidiiiiuBinethyl)~ 
ceph-3-em-4-carboxylate 
5 By following the procedure in Example 22 except that 0. 65al(6iimol) 

of 1-aninopiperidine was enployed in place of l-aniino-1,2,3, 6- 
tetrahydropyridine, there was obtained 0. 53g of the desired compound 
(20X). 

Rf = 0.33 (in 80% aqueous acetonl tri le) 
10 NMR (20% DC1, a) 

1.53—2.22 <m, 6H, piperidine) 
3.3—4.5 (m, 6H, C-2, piperidine), 4.7 (s. 2H) 
4.88—5.21 (m, 2H. C-3), 5.35 (d, 1H, C-6) 
5.8 (d, 1H, C-7) , 7.2 (s, 1H, thiazole-H) 

15 

Exanple 24 

Synthesis of (6R f 7R)-7-[(Z)-2-(2-aminothiazol~4-yl)- 
2-carboxynethoxyininoacetamido]-3-[(2~anino-l, 2,3,4- 
tetrahydroisoquinolin-2-ium)methyl ]-ceph-3-em-4-carboxylate 
20 By following the procedure in Exanple 22 except that 0. 89g(6mnol ) of 

2-anino-l,2,3,4-tetrahydroisoquinoiine was employed in place of 1-anino- 
1,2,3, 6-tetrahydropyridine, there was obtained 0,55g of the desired 
compound ( 19%) . 

Rf = 0.38 (in 80% aqueous ocetonitri le) 
25 NMR (DMSO-d* + 20% DCl , S) 

3.1—3.48 (id, 2H), 3.4-4.4 (n, 6H) 
4.6—5.0 (m, 2H, C-3), 5.2 (d, 1H, C-6) 
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5.75 (d, 1H. C-7), 7.05 (s, 1H, thiazole-H) 
7.12—7.82 .(», 4H, phenyl) 

Example 25 

5 Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aroinothiazol-4-yl )- 

2^arboxyreethoxyinlnoacetamido]-3-[(i-amino-l-methyl-4- 
pi peraz i n i u » ) rae thy 1 ] -ceph-3-era-4-car boxy 1 ate 

By following the procedure in Example 22 except that 0.91g(6mmoJ) of 
l-aaino-l-methyl-4-piperaziniuin chloride hydrochloride was employed in 
10 place of l-afliino-1.2,3,6-tetrahydropyridine, there was obtained 1.25g of 
the desired compound{45X) . 
Rf = 0,11 (in 80* aqueous acetonitrile) 
NMR (DMS0-d 6 , £ ) 

3.0—3.8 (m, 5H), 4.65 (s f 2H) 
15 5.1 (d, 1H, C-6), 5.65 (dd, 1H, C-7) 

6.05 (s, 2H, NH 2 ). 6.72 (s. 1H, thiazoie-H) 

7.2 (br, 2H), 9.3 (d, 1H, -NH) 

Exanple 26 

20 Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )- 

2-carboxyaethoxyLminoacetamido]-3-[(4-ainLno-l,2,4-triazol- 
2-ium) methyl ] -ceph-3-em-4-carboxy late 

In 8ml of water was dissolved 2.25g(15mniol) of sodium iodide and the 
solution was heated to 70— 75T:. 0.3g(3.6mnol) of 4-anino-l , 2,4- 
25 triazole was "added and the pH was adjusted to 6.5—7.0. While 
maintaining the pH at 6.5— 7. 0, 1. 5g(3mmol ) of <6R, 7R)-7-[ (Z)-2- 
(2-aminothiazol-4-yl )-2-carboxymethoxyirainoacetamido]-3-acetoxyniethy 1- 
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ceph-3-em-4-carboxyl ic acid prepared in Preparation Example 1 was 
slowly added. The reaction solution was stirred at 70— 75"C for 2 
hours, cooled to room temperature and the pH was adjusted to 1 — i.5 with 
3N hydrochloric acid. The solution was stirred for 30 rain and the 
5 resulting precipitate was filtered off. The filtrate was concentrated, 
a snail amount of water was added and the resulting was subjected to 
HP-20 chromatography (eluent: 80% aqueous acetonitri le) . The fractions 
containing the desired product were concentrated under the reduced 
pressure and freeze-dired to give 0.39g of the desired compound (25%). 
10 Rf = 0.23 (in 80% aqueous acetonitri le) 
NMR (DMSO-da + 20% DC], 6 s ) 

3.25—3.7 (m, 2H, C-2) , 4.7 (s, 2H> 

5.04 (d, 1H, C-6), 5,1—5.3 (q, 2H, C-3) 
5.65 <d, 1H, C-7), 7.02 (s, 1H, thiazole-H) 

15 8.75, 9.8 (s,s, 2H, triazoie) 

Example 27 

Synthesis of <6R,7R)-7-[(Z)-2-(2-aminothiazoi-4-y])- 
2-carboxynethoxyirainoacetamido]-3-[(l-ajDinoiBidazol-3-ium) 
me thy 1 J -ceph-3-em-4-carboxy 1 ate 

By following the procedure in Example 26 except that 0.3g(3.6mmol) 
of 1-aainoimidazoie was employed in place of 4-amino-l, 2,4-triazole, 
there was obtained 0.31g of the desired compound ( 20% ) . 
Rf = 0.29 (in 80% aqueous acetonitri le) 
NMR (DMSO-d* + 20% DC1 , <5* ) 

3.28—3.8 (m, 2H, C-2) f 4.70 (s, 2H) 

5.05 (q, 2H, C-3), 5.22 (d, 1H, C-6) 



20 



25 
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5.75 (d. 1H, C-7). 7.0 <s, 1H. thiazole-H) 

7.6, 8.2 (s.s, 2H, imidazole), 9.0 (s, 1H, imidazole) 



Example 28 

5 Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )- 

2-carboxyraethoxylrainoacetamldo]-3-[(l-amlnopyrazol-2-iura) 
methyl ]-ceph-3-em-4-car boxy late 

By following the procedure in Example 26 except that 0. 3g(3. 6ramol ) 
of 1-aminopyrazole was employed in place of 4-amino-l , 2, 4-triazole, 
10 there was obtained 0.29g of the desired compound(18%) . 
Rf = 0.29 (in 80X aqueous acetonitri le) 
NMR (DMS0-d6 + 20% DC], 6 s ) 

3.3-3.75 Cm, 2H, C-2) , 4.75 (s, 2U) 
5.10 (q, 2H, C-3), 5.25 (d, 1H, C-6) 
15 5 -7 (d, 1H, C-7), 6.8 (t, 1H, pyrazole) 

7.07 (s, 1H, thiazol-H). 7.7, 8.5 (s.s, 2H, pyrazole) 



Example 29 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )- 
20 2-carboxyaethoxyiminoacetamido]-3-[( l-arainoindazol-2-ium) 

methyl ]-ceph-3-em-4-carboxylate 

By following the procedure in Example 26 except that 0.48g(3. 6mmol ) 
of 1-aminoindazole was employed in place of 4-amino-l, 2, 4-triazole, 
there was obtained 0.32g of the desired compound(19X) . 
25 Rf = 0.30 (in" 80% aqueous acetonitri le) 
NMR (DMSO-da + 20% DC1 , £) 

3.85-4.1 (m, 2H, C-2), 4.76 (s, 2H) 
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5.31 <<| f 111. C-3), 5.4 (d, 111, C-6) 

5,85 (d, 111, C-7), 7.1 (s, III, thiazoJe-ll) 

7.2— B. 18 (b, 4H, phenyl) , 8.5 (s, 1H, indazole) 

5 Example 30 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )- 

2-carboxynethoxyinlnoacetamido]-3-[(l-attLnobenzinidazol-3- 
i urn ) me t hy 1 ] -c eph-3-em~4 -car boxy 1 a te 

By following the procedure in Example 26 except that 0. 48g(3. 6nmol ) 
10 of 1-aminobenzimidazole was employed in place of 4-anino-l , 2 f 4-triazoJe, 
there was obtained 0.49g of the desired compound (28%) . 
Rf =0.3 (in 80% aqueous acetonitri le) 
NMR (DMS0-d 6 + 20% DC1 , $) 

3.83-4.0 (a, 2h\ C-2), 4.7 (s, 2H) 
15 5.06-5.5 (q, 2H, C-3) , 5.19 (d t 1H, 06) 

5.79 (d. 1H, C-7), 7.01 (s, 1H, thiazole-H) 
7.5—7.9 (m. 4H, phenyl) , 9.5 (s, 1H, imidazole) 

Example 31 

20 Synthesis of (6R,7R)^7-[(Z)-2-(2-aninothiazol-4-yl)- 

2-carboxyniethoxyiiilnoacetaiiido]-3-[(l-anino-l,4 # 5,6- 
tetrahydropyrimidin-3-iun)methyl]-ceph-3~en-4«carboxylate 
By following the procedure in Example 26 except that 0.36g(3.6mmol) 
of l-anino-1,4, 5, 6-tetrahydropyriaidine was employed in place of 4- 
25 amino-l^^-triazole, there was obtained 0.37g of the desired compound 
(23%). 

Rf = 0.29 (in 80% aqueous acetonitri le) 
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NMR -(DMSO-da - 20X DC]. $) 

1.5-1.85 (q, 2H), 3.3-3.92 (a. 6H. C-2) 
4.69 (s, 2H). 5.2 (q, 2H. C-3) 
5.29 (d. 1H, C-6), 5.8 (d, 1H, C-7) 
5 7.05 (s, 1H, thiazole-H). 7.5 (s. 1H) 

Preparation Example 2 

Synthesis of <6R, 7R)-7-[(Z)-2-(2- a mii,otliiazol-4-y] >- 

2-(2-carboxyprop-2-oxyii»ino)acetaraido]-3-aoetoxyinethyl- 
10 ceph-3-em-4-carboxylic acid 

A) A solution of 1. 14g(2mmol ) of (Z)-2-(2-tritylaminothia 2 ol-4-yl >-2- 
(2-tert-butoxycarbony]prop-2-oxyimino) acetic acid and 0. 88g(2mraol > of 
7/3-amino-3-acetoxynethyl-ceph-3-eB-4-carboxylate in 15ml of N.N- 
dimethylforaamide was stirred, cooled to 0~5«C, and 0.30g(2.2mmol > of 
15 N-hydroxybenzotriazole hydrate and then 0.45g(2.2mn.ol> of N.N- 
dicyclohexylcarbodiimide were added thereto. The reaction mixture was 
stirred at room temperature for 6 hours and- left to stand overnight. 
The reaction mixture was filtered and the filtered solid was washed with 
a saall amount of diethyl ether. The filtrate and the washing were 
20 combined together, 100ml of water was added followed by extraction with 
ethyl acetate. The organic layer was washed with water. IN 

hydrochloric acid, sodium bicarbonate solution and then saturated 
brine, separated, dried over anhydrous sodium sulfate and concentrated 
under the reduced pressure. The concentrate was subjected to silica 
25 gel chromatography (eluentJ 2X raethanol/dichloromethane) . The 
fractions containing the desired product were concentrated under the 
reduced pressure and crystallized from diisopropyl ether to give 1.49g 
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of diphenylmethyl (6R, 7R)-7-[ (Z)-2-(2-tritylaninothiaEol-4-yl]-2-(2- 

tert-butoxycarbonylprop-2-oxyiiiino)acetaniclo]-3-acetoxynethyl-ceph-3-eB- 
4-carboxylate as a desired product(75X) . 

B) In a nixed solvent of anisole(8ml) and trlf luoroacetic acid (15ml) 
5 was dissolved 1.49g of the product prepared in the above A) at 0*C and 
the temperature was raised to roon temperature. After stirring for 1.5 
hours, the reaction solution was concentrated under the reduced pressure 
and 60ml of diisopropyl ether was added to precipitate 700ng of (6R, 

7R)-7-[(Z)-2-(2-at.inothiazol-4-yl)-2-(2-carboxyprop-2-oxyimino)acetamido 
10 ]-3-acetoxymethyl-ceph-3-em-4-carboxy]ic acid trif luoroacetate, which 
was filtered. Vater(2. 6»1 ) was added to the solid and the P H was 
adjusted to 7.0 with saturated sodium bicarbonate solution. 
Purification by HP-20 chromatography (eluent: 70% aqueous acetonitri le) 
gave 0.55g of (6R, 7R)-7-[<Z)-2-<2-amInothia 2 ol-4-yl)-2-(2-carboxyprop- 
15 oxyimino)ac e tamido]-3-acetoxynethyl-ceph-3-em-4- carboxylic acid (70X). 
NMR (DMSO-ds, $ ) 

1.32 (d, 610, 2.22 (s, 3H), 3.52 (q, 2H, C-2) 

4.87 (q, 2H, C-3), 5.2 (d. 1H, C-6) , 5.75 (dd, 1H, C-7) 

6.87 (s. 1H, thiazole-H) 

20 

Exanple 32 

Synthesis of <6R,7R)-7-[(Z)-2-t2-aninothiazol-4-yl)- 
2-(2-carboxyprop-2-oxyinino)acetaaido]-3-[(l-a»ino-l,2,3,6- 
tetrahydropyridiniura)aetliyl]-ceph-3-eij-4-carboxylate 
25 In 15d1 of wa ter was dissolved 3. 75g(25mnol) of sodium iodide and 

the solution was heated to 70-75'C. 0. 59g(6miiol ) of 1-aniuo-l , 2,3, 6- 
tetrahydropyridine was added and then, while adjusting the P H to 6.5- 
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7.0, 2.64g(5mmol) of (6R, 7R)-7-[(Z)-2-(2-arainothiazol-4-yl)-2-(2- 

carboxyprop-2-oxyiniijo)acetaraido]-3-acetoxyraethyl-ceph-3-em-4-carboxylic 
acid prepared in Preparation Example 2 was slowly added. The mixture 
was stirred at 70-75'C for 2 hours, cooled to room temperature and the 
5 PH was adjusted to 1-1.5 with 3N hydrochloric acid. The solution was 
stirred for 30 Din and the precipitate was filtered off. The filtrate 
was concentrated under the reduced pressure, a snail amount of water was 
added and subjected to HP-20 chromatography (807. aqueous acetonitri le) . 
The fractions containing the desired product were concentrated under the 
10 reduced pressure and freeze-dried to give 0.51g of the desired 
compound (18X). 
NMR (DMS0-d 6 + 20X DC1, $) 

1.34 (d, 6H), 2.0—2.4 (a. 2H) 

3.1—3.9 (n, 6H, C-2), 4.0—4.3 In, 1H, C-3) 
15 4.7—5.1 <b, 2H. C-3), 5.2-5.68 (m, 3H, C-7) 

6.97 (s, 2H, thiazole-H) 

Example 33 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-amiiiothiazol-4-y])- 

20 2 -i2-carboxyprop-2-oxylaino)acetamido]-3-(l-aminopiperidinium- 
nethyl )-ceph-3-em-4-carboxylate 

By following the procedure in Example 32 except that 0. 65ml(6mmol ) 
of 1-aminopiperldine was employed in place of l-amino-1,2, 3,6- 
tetrahydropyridine. there was obtained 0.53g of the desired compound 
25 (19X). 

NMR (DHSO-da + 20X DC1 , d) 

1.30 (d. 6H), 1.5—2.3 (m, 6H) 
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3.2-4,3 (id, 7H), 4.78-5.1 Cra, 1H, C-3) 
5.2 (d, 1H, C-6), 5.7 (d, 1H, C-7) 
7.02 (s ( 1H, thiazole-H) 

5 Example 34 

Synthesis of (6R,7R)-7-[(Z)-2-(2-aiiinothia2ol-4-yl}~ 
2-(2-carboxyprop-2-oxyinlno)ace tanldo]-3-[ 12-aaino-l , 2, 3,4- 
tetrahydroisoquinol in-2-ium)methyl ]-ceph-3-ejn-4-carboxylate 
By following the procedure in Example 32 except that O.89g(6oraol) of 
10 2-amino-i,2,3,4-tetrahydroisoquinoline was employed in place of 

l-amino-i,2,3,6-tetrahydropyridine, there was obtained 0.52g of the 

des i red conpound ( 1 7X) . 

NMR (DMS0-d 6 ♦ 20% DC1, S) 

1.28 (d, 6H), 3.1—3.51 (a, 2H) 
15 3.6—4.3 <m. 7H), 4.5—5.1 (n, 1H, C-3) 

5.2 (dd, 1H. C-6), 5,75 (dd, 1H, C-7) 
6.95 (s, W, thiazole-H), 7.1—7.7 (id, 4H, phenyl) 

Example 35 

20 Synthesis of (6R > 7R)-7-[(Z)-2«(2-afflinothiazol-4"yl)- 

2-(2-carboxyprop-2-oxyioino)acetanido]-3-[(l-amino-l-nethyl- 
4-piperaziniua)»ethyi]-ceph-3-era-4-carboxylate 

By following the procedure in Example 32 except that 0. 91g(6nraol ) of 
l-amino-l-jiethyl-4-.piperaziniun chloride hydrochloride was employed in 
25 Place of J-amino-1 . 2,3, 6-tetrahydropyri dine, there was obtained 0. 94g of 
the desired cojnpound(32%) . 
NMR (DMS0-d 6 + 20X DC], d) 



BNSDOCID <W 92D0981A1 I 



WO 92/00981 



PCT/KR91/00012 



1.32 (d. 6H), 3.0—3,8 <m, 15H) 
4.96 (d, 1H, C-6), 5.51 (d, 1H. C-7) 
7.01 (s, 1H, thiazole-H) 

5 Example 36 

Synthesis of <6R, 7R)-7~[(Z)-2-(2-ami:nothiazoi-4-y] 
2-(2-carboxyprop~2-oxyimino)acetamido]-3-[(4-ainino-l f 2, 4- 
tr iazo 1 -2-ium) methy 1 ] -ceph-3-em-4-car boxy 1 ate 
In Bml of water was dissolved 2 . 75g( ISranol ) of sodium iodide, the 
10 solution was heated to 70— 75«C and 0.3g(3. 6uol ) of 4-araino-l , 2, 4- 
triazole was added. While adjusting the pH to 6.5—7, 1.5g(3anol) of 
(6R, 7R)-7-[(Z)-2-(2-aainothiazoJ-4-yl)-2-(2-carboxyprop-2-oxyijiino) 
acetamido]-3~acetoxymethy l-ceph-3-ett-4-carboxy 1 ic acid prepared in 
Preparation Example 2 was slowly added. The mixture was stirred at 70- 
15 —75*C for 3 hoars, cooled to room temperature and the pH was adjusted 
to 1 — 1.5 with 3N hydrochloric acid. The mixture was stirred for 30 
min and the resulting precipitate was filtered off. The filtrate was 
concentrated under the reduced pressure, a small anount of water was 
added and subjected to HP-20 chromatography (80X aqueous acetionitri le) . 
20 The fractions containing the desired product were concentrated under the 
reduced pressure and freeze-dried to give 0.35g of the desired 
compound (20%). 
MS(FAB, M+l) =552 

NMR (DMS0-d6 + 20% DC1. < 
25 1.30 (d, 6H), 3.3—3.6 (m, 2H,. C-2) 

5.07 (d, 1H, C-6), 5.0— 5.37{q, 2H, C-3) 
5.7 (d, IH, C-7) , 7.01 (s t 1H, thiazoie-ll) 



RNSOOrJD:<WO 9200981A1 I > 



WO 92/00981 



PCT/KR91/00012 



65 

8.7, 9.8 (s,s, 211, triazole) 
Exareple 37 

Synthesis of <6R, 7R)-7-[ (Z)-2-(2-aiiinothiazoi-4-y] )- 

5 2-(2-carboxyprop-2-oxyinino)acetattido]-3-[(l-ajJiinoinida2ol- 
3-i um ) nethy I ] -ceph-3-en-4-car boxy late 

By following the procedure in Example 36 except that 0. 3g(3. 6nnol ) 
of 1-aainoimidazole was employed in place of 4-anino-l , 2, 4-triazole, 
there was obtained 0.36g of the desired compound ( 23%) . 
10 NMR (DMSO-dd + 20% DC1, $) 

1.33 <d, 6H), 3.3-3.7 (m, 2H, 02) 
4.9-5.3 (n, 3H, C-6, C-3), 5.7 (d f 1H, C-7) 
6.98 <s, 1H, thiazole-H), 7.7, 8.6 (s,s, 2H) 
9.1 (t f 1H) 

15 

Exanple 38 

Synthesis of <6R, 7R)-7-[ (Z)-2-(2~aninothiazol-4-yJ >- 

2-(2-carboxyprop-2-oxyi»ino)acetaaido]-3-[(l-aDinopyrazol- 

2- i un ) nethy 1 ] -cep h-3-en-4-car boxy 1 ate 
20 By following the procedure in Example 36 except that 0.3g(3. 6nnol) 

of 1-aminopyrazole was enployed in place of 4-anino-l , 2 t 4-triazole, 
there was obtained 0.34g of the desired compound(22X) . 
NMR (DMS0-d<s + 20% DC1, ff) 

1.3 (d, 6H), 3.2—3.7 U, 2H, C-2) 
25 4.9—5.25 (n, 3H, C-3, C-6), 5.65 (d, 1H, C-7) 

6.75 (s, 1H), 7.01 (s, HI, thiazole-H) 

7.8, 8.5 (s,s, 2H) 
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Example 39 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-yl )- 

2-(2-carboxyprop-2-oxyliilno)acetaniido]-3-[(l-aminoinda2ol- 
2-ium)methy]]-ceph-3-ein-4-carboxylate 

By following the procedure in Exanple 36 except that 0.48g(3. 6nnol) 
of 1-aninoindazole was euployed in place of 4-anino-l , 2, 4-triazole, 
there was obtained 0.35g of the desired compound ( 20X) . 
NMR (DMS0-d 6 + 20% DC1, tf) 

1.32 (d, 6H), 3.87—4.1 (n, 2H, C-2) 

5.1—5.4 (id. 3H, C-3, C-6) , 5.80 (d, 1H, C-7) 

7.03 (s, 1H, thiazole-H), 7.1—8.2 (m. 411, phenyl) 

8.9 (s, 1H) 



Example 40 

15 Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )- 

2- (2-carboxyprop-2-oxyiraino)acetamido]-3-[(l-aininobenziraidzol- 

3- ium)methyl ]-ceph-3-em-4-carboxylate 

By following the procedure in Example 36 except that 0.48g(3. 6tomol) 
of 1-aminobenzinidazole was enployed in place of 4-amino-l. 2. 4-triazole, 
20 there was obtained 0.38g of the desired conpound(22X) . 
NNR (DMSO-da + 20X DC1, 8) 

1.29 (d. 611), 3.2—3.8 (m. 211, C-2) 
5.1—5.4 (m, 3H, C-3, C-6), 5.7 (d. 1H, C-7) 
7.03 (s, 1H, thiazole-H), 7.35—6.01 <m, 4H, phenyl) 
25 9.7 (s, 1H; inidazole-H) 
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Example 41 

Synthesis of <6R, 7R)-7-[ (Z)-2-(2-aninothiazoI-4-yl )- 
2-(2-carboxyprop-2-oxyiraino)acetaiiiido]-3~[ (1-amiiio-l ,4,5,6- 
tetrahydropyrimidin-3-iuD)nethyJ]-ceph^3-eBi-4-carboxyJate 
5 By following the procedure in Example 36 except that 0. 36g(3. 6nmol ) 

of l-attino-l,4 # 5,6-tetrahydropyriaidine was enployed in place of 

4-aiaino-l, 2,4-triazole. there was obtained 0.31g of the desired 

compound (19X). 

NMR (DMS0-d 6 + 20% DC1, d) 
10 1.32 (d, 6H), 1.4 — 1.8 (q, 2H) 

3.3—3.9 (n. 6H, C-2) , 5.15—5.4 <n, 3H, C-3, C-6) 
5.76 (d, 1H, C-7), 7.01 (s, 1H, thiazole-H) 
8.5 (s, 1H) 

15 Preparation Exanple 3 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aHiinothiazol-4-yl)- 
2-(2-carboxyprop-2-oxyiaino)acetaraido]-3-acetoxyiiethy]- 
ceph-3-ein-4-carboxylic acid 
A) In 15d] of fM-diraethylforaajnide was dissolved 1.22g(3mnol) of 
20 (Z)-2-[(2-chloroacetaaidothiazol-4-yl)-2-(2-tert-butoxycarbonylprop-2- 
oxyimino) acetic acid, 0. 66g(3. 21maol ) of N, N-dicyclohexylcarbodiimide 
was added thereto and the mixture was stirred at room tenperature for 2 
hours. 1.41g(3.21iwol) of diphenylmethyl 7 0 -ajaino-3-acetoxyraethyl- 
ceph-3-em-4-carboxylate was added thereto at 0— 5'C and the nixture was 
25 stirred at the sane temperature for 4.5 hours. 

After completion of the reaction, the insoluble was filtered off, 
200/al of dichlorome thane was added to the filtrate and this was washed 
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with diluted hydrochloric acid and then with water. The organic layer 
was dried over anhydrous magnesium sulfate and concentrated under the 
reduced pressure. The residue was purified by silica gel column 
chromatography using 6% methanol/dichloromethane as an eluent to give 
5 i-86g of diphenylraethyl < 6R, 7R)-7-[ (Z)-2-(2-chloroacetamidothiazol-4- 
y 1 ) -2-: ( 2- tert-butoxycarbony 1 prop-2-oxy in i no) acetamido] -3-acetoxymet hy 3 - 
ceph-3-eui-4-carboxylate in pale yellow powder forro(70X). 
B) In 15ml of anisole was dissolved the product obtained in the above 
A), the solution was cooled to 0-~5 c C and 15ral of tri f 1 uoroacetic acid 
10 was added thereto. The reaction mixture was stirred at the same 

temperature for 2 hours. 

After completion of the reaction, the reaction solution was 
concentrated under the reduced pressure to remove trif luoroacetic acid. 
The residue was cooled to -20~-10*C, 200ml of diisopropyl ether was 
15 added and the mixture was stirred at the same temperature for 1 hour. 
The resulting precipitate was filtered, washed thoroughly with 
diisopropyl ether and dried to give 1.37g of (6R, 7R)-?-[ (Z)-2-(2~ 
chioroacetamidothiazol-4-yl )-2-(2-carboxyprop-2-oxyimino> acetamido] -3-ac 
etoxymethyl-ceph-3-em-4-carboxylic acid trif luoroacetate (85%). 
20 C) The product obtained in the above B) was suspended in 70m i of water 
and the pH was adjusted to 6.5^7.0 with saturated sodium 
bicarbonate solution. 0.26g(2mmol) of sodium N-methyJ-dithiocarbamate 
was added thereto and the mixture was stirred at room temperature for 5 
hours. 

25 After completion of the reaction, the reaction mixture was washed 

with ethyl acetate and the aqueous layer containing the desired product 
was concentrated under the reduced pressure. The concentrate was 
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purified by HP-20 column chromatography. The fractions containing the 
desired product were concentrated under the reduced pressure and 
freeze-dried to give 0.73g of <6R, 7R)-[(Z)-2-(2-amlnothiazol-4-yl >-2- 

(2-carboxyprop-2-oxylaino)acetamldo]-3-acetoxymethyl-cepl)-3-en-4- 
5 carboxylic acid(72X) . 

Rf = 0.5 (in 80X aqueous acetonitri le) 

The NMR spectra of the desired compound were the same as those of 
the compound obtained in Preparation Example 2. 

10 Example 42 

Synthesis of (6R,7R)~7-[(Z)-2-(2-aminothiazol-4-yl)- 

2-(2-carboxyprop-2-oxyimino)acetaraldo]-3-t(4-aminomorpholin- 
4-ium)nethyl ]-ceph-3-eu-4-carboxylate 

In a mixed solvent of acetonitri leUOml ) and water(lOml) was 
15 dissolved 6.69g(50ramol) of lithium iodide, 1.02g(10maol) of 4-amino 
morpholine was added thereto and the mixture was heated to 65—68'C. 
WaterUml) containing 2. 64g<5mmol) of (6R,7R)-7-[(Z)-2-(2-aminothla2ol- 
4-yl)-2-(2-carboxyprop-2-oxyimino)acetamido]-3-acetoxymethyl-ceph-3-em-4 
-carboxylic acid prepared in Preparation Example 3 and O.lg of sodium 
20 hydroxide was added thereto and the reaction mixture was stirred at 70- 
72*C for 1.5 hours while adjusting the pH to 6.5—7.0. 

After completion of the reaction, the reaction solution was cooled 
to room temperature and the pH was adjusted to 1.5 with 3N hydrochloric 
acid. The insoluble was filtered off and the filtrate was concentrated 
25 under the reduced pressure followed by purification by column 
chromatography over aluminium oxide (eluent: BOX aqueous acetonitri le). 
The fractions were concentrated under the reduced pressure, dissolved In 
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a snail amount of water and purified by HP-20 column chromatography. 
The fractions containing the desired product were concentrated under the 
reduced pressure and freeze-dried to give 0.47g of the desired compound 
(16%). 

5 NMR (DMS0-d<s ♦ 20% DC1, $) 

1.3 (d, 6H), 3.35—4.55 (ra, ilH) 
4.95—5.36 (q, 1H, C-3), 5.34 (d, 1H, C-6) 
5.8 (d, 1H, C-7), 7.02 (s, 1H, thiazole-H) 

10 Exaiaple 43 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )- 
2-(2-carboxyprop-2-oxyiraino)acetaraido]-3-<l- 
arainopyrro 1 idini uramethy 1 ) -ceph-3-em-4-carboxy 1 ate 

By following the procedure in Example 42 except that 1 . 23g(10ramoi ) 
15 of 1-aminopyrrolidine was employed in place of 4-aminomorphol ine, there 
was obtained 0.51g of the desired compound (1 8%) . 
NMR (DMS0-d 6 + 20% DC1 , ) 

1.34 (d, SH), 1.75—2.25 <m, 4H) 
2.92— 3.75 (m, 6H) , 3.8—4.2 (m, 1H, C-3) 
20 4.4—5.0 (m. 1H, C-3), 5.2 (d, 1H, C-6) 

5.7 (d, 1H, C-7) r 7.02 is, 1H, thiazole-H) 

Example 44 

Synthesis of (6R, 7R)-7-[ (Z)-2-l2-aninothiazol-4-yl )- 
25 2- ( 2-carb"oxy prop-2-oxy i m i no ) ace tam ido ] -3- [ ( 1 -am i no-3- 

pyrro 1 i n-1 -i um ) me thy I ] -ceph-3-em-4-car boxy 1 ate 

By following the procedure in Example 42 except that 0. 84g( lOmmol ) 
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of l-anino-3-pyrroline was employed in place of 4~aninoraorpholine, there 
was obtained 0.39g of the desired compound(14X) . 
NMR (DMSO-d* + 20% DCJ, a ) 

1.30 <d, 6H), 3.6—4.1 <«, 3H, C-2, C-3) 
5 4.65 (s, 4H), 4.57—5.1 (a, 1H, C-3) 

5.2 (d, 1H, C-6), 5.65 <d, 1H, C-7) 

7.03 (s, 1H, thiazole-H) 

Example 45 

10 Synthesis of (6R,7R)-7-[(Z)-2-(2-aminothiazol-4-y] >- 

2- ( 2-carboxyprop-2-oxy i rai no) ace tan i do ] -3- ( 1 - 
arainoindoJ iniumnethy 1 )-ceph-3-ein-4-carboxylate 

By following the procedure in Example 42 except that 1.34g(10mmol) 
of 1-aminoindoiine was employed in place of 4-aninoroorphol ine, there was 
15 obtained 0.48g of the desired compound ( 16%) . 
NMR (DMSO-dd ■+ 20X DC], a) 

1.32 (d, 6H), 2.8—3.2 (m. 2H) 
3.4—4.5 (n, 5H), 4.6—5.2 (m, 2H, C-3, C-6) 
5.65 <d, 1H, C-7), 7.01 (s, 1H, thiazole-H) 
20 7.05—7.8 (n, 4H, phenyl) 

Exanple 46 

Synthesis of (6R,7R)-7-[(Z)-2-(2-aninothiazol-4-yl )~ 
2- ( 2-carboxyprop-2-oxy i m ino) ace tan i do] -3- ( 1 - 
2 5 aminopyrro 1 iunaethy 1 ) -ceph-3-em-4-carboxy J a te 

By following the procedure in Example 42 except that 0. 82g(10amol ) 
of 1-aminopyrrole was employed in place of 4-aminonorphol ine, there was 
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obtained 0.45g of bhe desired compound (1 6%) . 
NMR (DMSO-da + 20X DC J, d) 

1.28 (d, 6H), 3.64 <m, 3H, C-2, C-3) 
4.6-5.2 (n. 2H, C-3, C-6), 5.6 (d, 1H, C-7) 
5 6.2 (t, 2H), 6.6 (t, 2H) 

7.03 (s, 1H, thiazole-H) 



Example 47 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aninothiazoL-4-yl )- 
10 2-( 2-carboxyprop-2-oxylralno)acetamldo]-3-( 1- 

aminoindoliunuethyl)-ceph-3-eii-4-oarboxylate 

By following the procedure in Example 42 except that 1.32g(10ramol) 
of 1-aminoindole was employed in place of 4-aminomorpholine, there was 
obtained 0.49g of the desired compound ( 1 6X) . 
15 NMR (DMSO-de + 20* DC1, 5") 

1.29 <d, 6H), 3.5—4.0 <m, 3H, C-2, C-3) 
4.6—5.2 (m, 2H, C-3, C-6), 5.65 (d, 1H,- C-7) 
6.5 (d. 1H), 7.02 (s, 1H, thiazole-H) 
7.05—7.9 (ra, 5H, phenyl) 



20 



Example 48 

Synthesis of <6R,7R)-7-[(Z)-2-(2-aminothiazol-4-yl)- 
2-(2-carboxyprop-2-oxyinino)acetamido]-3-[(l-anino-4- 
hydroxypiperidiniUB)nethyl]-ceph-3-ea-4-carboxylate 
25 By following the procedure in Example 42 except that 1 . 16gU0ramol ) 

of l-amino-4-hydroxypiperidine was employed in place of 4- 
aminomorpholihe, there was obtained 0.51g of the desired compound ( 17%) . 
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Rf = 0.14 (in 80% aqueous acetonitri le) 
NMR (20% DCJ, $) 

1.16—2.0 (n, 4H), 1.30 (d, 6H) 

3.2—4.3 (m, 7H), 4.86—5.2 (a, 2H, C-3) 
5 5.35 (d, 1H, C-S), 5.93 (d, 1H, C-7) 

7.21 (s, 1H, thiazole-H) 

Example 49 

Synthesis of <6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )- 
10 2-( 2-carboxyprop-2-oxyireino)acetaraldo]-3-r ( 1-amino-l ,2,3- 

tria2ol-3-ium) methyl ]-ceph-3-em-4-carboxy late 

In a mixed solvent of acetonitri le(lOal) and water(15nil) was 
dissolved 5.35g(40amol) of lithium iodide, 0.673g(8romol) of 1-aaino- 
1,2,3-triazole was added thereto and the oixture was heated to 65--68 e C. 
15 2.11g(4nnoi) of (6R, 7R)-7«[(Z)-2»(2-aiRinothia2ol-4-yl)-2-(2-carboxy- 
prop-2-oxyinino)acetantido]-3-acetoxymethy]~ceph-3-eDi-4-carboxylic acid 
prepared in Preparation Example 3 was added and the mixture was stirred 
at 70— 72*C for 2 hours while adjusting the pH to 6.5—7.0. 

After completion of the reaction, the reaction solution was cooled 
20 to room temperature and the pH was adjusted to 1—1.5 with 3N 
hydrochloric acid. The insoluble was filtered off and the filtrate was 
concentrated under the reduced pressure followed by column 
chromatography over aluminium oxide using 80% aqueous acetonitrile 
solution as an eluent. The fractions were concentrated under the 
25 reduced pressure, dissolved in a small aiaount of water and purified by 
HP-20 coluan chromatography. The fractions containing the desired 
product were concentrated under the reduced pressure and freeze-dried to 
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give 0.68g of the desired compound (3 IX) . 
NMR (DMSO-d* + 20% DC1, S) 

1.3 (d, 6H), 3.4—3.7 (a, 2H, C-2) 
5.05-5.18 <m, 3H, C-3, C-6), 5.67 (d, 1H, C-7) 
5 7.02 (s, 1H, thiazole-H), 7.8, 8.7 <s,s, 2H f triazole-H) 

Example 50 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aninothiazol-4-yl ) - 

2-(2-carboxyprop-2-oxyinino)acetaraido]-3-[(l-aininobeji2otriazol- 
10 3-iam)methyl]-ceph-3-em-4-carboxyiate 

By following the procedure in Example 49 except that 1.07g(8nnol) of 
1-arainobenzotriazole was employed in place of 1-anlno-l, 2,3-triazole, 
there was obtained 0.53g of the desired compound ( 22%) . 
MS (FAB, M+l) = 602 
15 NMR (DMSO-d* + 20% DC1, d ) 

1.31 (d, 6H), 3.86—4.1 (n, 2H, C-2) 

5.05 — 5.55 (m, 3H, C-3, 5.87 (d, 1R, C-7) 

7.02 (s, 1H), 7.7—8.15 (m. 4H, phenyl) 

20 Example 51 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothia2ol-4-yl)- 
2-(2-carboxyprop-2-oxyiraino)acetaraido]-3«»[(l-aiiiino-l l 2,4- 
t r i azo i -4- i urn ) me thy 1 1 -ceph-3-e*)-4 -car boxy 1 a te 

By following the procedure in Example 49 except that 0. 67g(8mraol ) of 
25 i-amino-l,2,4^triazole was employed in place of 1-amino-l , 2, 3-triazole, 
there was obtained 0.5g of the desired compound ( 23% ) . 
NMR (DMSO-da + 20* DC1 , d) 
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1.28 (d, 6H), 3.29—3.74 <n, 2H, C-2) 

5.05—5.25 (m, 3H, C-3, C-6), 5.7 (d, 1H, C-7) 

6.94 (s, 1H. thiazole-H), 8.74, 9.68 <s,s, 2H f triazole) 

5 Exanple 52 

Synthesis of (6R, 7R>-7-[(Z)-2-(2-aninothlazol-4-yl )- 

2-(2-carboxyprop-2-oxyinino)acetaBido]-3-[(l-aBlnotetrazo]-4- 
ium)nethyl]-ceph-3-em-4-carboxylate 

By following the procedure In Example 49 except that 0.69g <8nnol) 
0 of 1-aminotetrazole was employed in place of l-anino-l^.S-triazole. 
there was obtained 0.48g of the desired compound <22X). 
NMR(DHS0-d6 «■ 20X DC1, d) 

1.29 (d, 3H), 3.3-3.76 (a. 2H, C-2) 
5.05-5.2 U, 3H, C-3, C-6), 5.7 (d, 1H, C-7) 
5 6.99 (s. 1H, thiazole-H), 9.52 (s, 1H, tetrazole-H) 



Preparation Exanple 4 

Synthesis of <6R.7R)-7-[(Z)-2-(2-ai)inothiazoI-4-yl >- 

2-carboxynethoxyin inoacetamido J -3-acetoxyne thy 1 - 
20 ceph-3-em-4-carboxyl ic acid 

A) In 15ml of N.N-dinethylformamide was dissolved 1 . 13g(3nmol ) of 
(Z)-2-[(2-chloroacetanidothiazol-4-yl)-2-tert-butoxycarbonylnethoxy- 
irainojacetic acid, and 0.43g(3. 18di,o1) of N-hydroxybenzotriazole and 
0.66g(3.21mmol) of N.N-dicyclohexylcarbodiinide were added thereto. The 
25 reaction mixture was stirred at roon temperature for 2 hours. 

1.41g(3.21mmol) of diphenylnethyl 7£-amino-3-acetoxynethyl-ceph-3- 
en-4-carboxylate was added at 0-S'C and the nixture was stirred at the 
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procedure in Preparation Example 3-A) was repeated to give 1.67g of 

diphenylnethy](6R,7R)-7-[(2)-2-(2-chloroacetaraidothia2ol-4-yl)-2-tert- 

butoxycarbonylmethoxyiininoacetaniido]-3~acetoxyffiethy]-ceph-3-era-4- 
5 carboxylate(65X). 

B) The product obtained in the above A) was dissolved in 120ral of 
anisole and the mixture was cooled to 0— 5*C. 12ml of trif luoroacetic 
acid was added and the reaction mixture was stirred at the same 
temperature for 2 hours. After completion of the reaction, the 

10 procedure in Preparation Example 3-B) was repeated to give 1 . 2g of (6R, 

7R)-7-[(Z)-2-(2-chloroacetaroidothia2ol-4-yl)-2-carboxymethoxyiminoacetara 
ido]-3-acetoxymethyl-ceph-3-em-4-carboxylic acid trif luoroacetate( 83%) . 

C) The product obtained in the above B) was suspended in 65ral of water 
and the pfl was adjusted to 6.5—7.0 with saturated sodium bicarbonate 

15 solution. 0.34g(2.6mmol) of sodium N-methyl-dithiocarba- mate was 

added and the reaction mixture was stirred at room temperature for 4—5 

hours. After completion of the reaction, the procedure in Preparation 

Example 3-C) was repeated to give 582mg of <6R,7R)-7-[ (Z)- 

2-(2~aminothiazoi-4-yl)-2~carboxymethoxyirainoacetamido]«3-acetoxymethyl- 
20 ceph-3-em-4-carboxylic acid (67%). 

Rf = 0.65 (in 80% aqueous acetonitri le) 
NMR (DMS0-d 6 , 6 s ) 

2.11 <s, 3H), 3.25—3.82 (q, 2H, C-2) 
4.6 (s, 2H), 4.79—4.89 (d, 2H) 
25 5.19— 5.2T5. <d, 1H, C-6), 5.79—5.85 (dd, 1H, C-7) 

6.71 <s, 1H, thiazole-H), 7.27 (br, 2H, NH 2 ) 
9.5 (d, 1H, -NH) 



WO 92/00981 



PCT/KR91/00012 



77 

Exanple 53 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )- 
2-carboxynethoxyinlnoacetanidoJ-3-[(4-aiiinooorpholin- 
4-ium)methyl]-ceph-3-em-4-carboxy]ate 
5 In a mixed solvent of acetonitri le (9ml ) and water ( 10m L) was 

dissolved 6. 69g(50nnol ) of lithiua iodide, the solution was heated to 
65 — 68*C and 1 . 02g(10ramol ) of 4-aninomorphoi ine was added thereto. 
Water (3ol) containing 2. 5g(5nmol ) of (6R, 7R)-7-[ (Z)-2-(2~ajiinothia2ol- 
4-yl)-2-carboxymethoxyininoacetanido]~3-acetoxyiiethyl-ceph-3-eBi-4- 
10 carboxylic acid and O.lg of sodium hydroxide was added and the reaction 
mixture was stirred at 70 — 73«C for 2 hours while the pH was adjusted to 
6.5—7.0. 

After completion of the reaction, the reaction solution was cooled 
to room teaperature and the pH was adjusted to 1.5 with 3N hydrochloric 

15 acid. The insoluble was filtered off and the filtrate was concentrated 
under the reduced pressure followed by aluainium oxide column 
chromatography using 80X aqueous acetonitri le as an eluent. The 
fractions were concentrated under the reduced pressure, dissolved in a 
snail amount of water and purified by IIP-20 column chromatography. The 

20 fractions containing the desired product were concentrated under the 
reduced pressure and freeze-dried to give 0.79g of the desired 
compound ( 29% ) . 

Rf = 0.34 (in 80% aqueous acetonitri le) 
NHR (20X DC1, 

25 3.4— 4. S (jd, 11H, morpholine, C-2, C-3), 4.7 (s, 2H) 

5.0—5.35 (q, 1H, C-3), 5.33 (d, 1H, C-6) 
5.8 (d, 1H, C-7), 7.18 (s, 1H. thiazoIe-H) 
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Example 54 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aninothiazol-4-y] )- 

2~carboxyttethoxyininoacetafflido]-3-(l-aninopyrro]idiniumjaethyl)-- 
ceph-3-em-4 -car boxy 1 ate 

5 By following the procedure in Example 53 except that 1.23g(10nnol) 

of 1-aninopyrrolidine was employed in place of 4-aminomorpholine, there 
was obtained 0.49g of the desired compound ( 19%) . 
Rf = 0.3 (in 80% aqueous acetonitri le) 
NMR (20% DC1, a) 

10 1,75—2.3 (n. 4H, pyrrolidine), 2.91—3.8 (m, 6H, C-2, pyrrolidine) 

3.9—4.4 (m. 1H, C-3), 4.65 (s, 2H) 
4.5—4.95 (ni, 1H, C-3), 5.15 (dd, 1H, C-6) 
5.7 (dd, 1H, C-7), 7.12 (s, 1H, thiazole-H) 

15 Example 55 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazoi-4-yl )- 

2-carboxymethoxyircinoacetanido]-3-[(l-am-ino-3-pyrrolin-l- 

ium)nethyl]-ceph-3-em-4-carboxylate 

By following the procedure in Example 53 except that 0. 84g(10mmol ) 
20 of l-amino-3-pyrroline was employed in place of 4-aminoraorphol ine. there 
was obtained 0.47g of the desired compound (1 8%) . 
Rf = 0.3 (in 80% aqueous acetonitri le) 
NMR (DMS0-d<s + 20% DC1, 5) 

3.5—4.1 (b, 3H, C-2, C-3), 4.6 (s, 4H, pyrrol ine) 
25 4.56—5.1" (m, 1H, C-3), 4.7 (s, 2H) 

5.16 (d, 1H, C-6), 5.7 (d, 1H, C-7) 
5.92 (s, 2H, pyrroline), 7.04 (s, 1H, thiazole-H) 
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Example 56 

Synthesis of (6R, 7R)-7-[ (Z) -2-( 2-aminothiazol-4-y ] )- 

2-carboxynethoxyiminoacetainido]-3-(l-a!ninoindolijiiuraiiethy])- 

-ceph-3-em-4-carboxy 1 ate 
5 By following the procedure in Example 53 except that 1 .34g(10mmol) 

of 1-aminoindoline was employed in place of 4-aminomorphol ine , there 
was obtained 0. 5g of the desired compound ( 17%) . 
Rf = 0.37 (in 80% aqueous acetonitri le) 
NMR (DMS0-d<s + 20% DC1, ) 
10 2.8—3.2 (m, 2H, indole) 

3.4—4.4 (m, 5H, indole, C-2, C-3), 4.65 (s. 2H) 

4.7 — 5.1 (n, lH f C-3), 5.12 (d, 1H, C-6) 

5.7 (d, 1H ( C-7), 7.02 (s, 1H, thiazole-H) 

7.04-7.8 (m, 4H, phenyl) 

15 

Example 57 

Synthesis of (6R, 7R)-7-[ (Z) -2-( 2-aminothi*zol-4-yl )~ 

2-carboxyraethoxyirffiinoacetamido]-3-(l-aminopyrroHuairaethyl)- 
-ceph-3-em-4-carboxy 1 ate 
20 By following the procedure in Example 53 except that 0. 82g(10ramol) 

of 1-ajainopyrrole was employed in place of 4-aminomorphol ine, there was 
obtained 0.43g of the desired compound ( 16%) . 
Rf = 0.28 (in 80% aqueous acetonitri le) 
NHR (DMS0-d<$ + 20% DC1, S) 
25 3.6—4.0 <m, 3H, C-2, C-3), 4.65 (s, 2H) 

4.6-5.0 <m f 1H, C-3), 5.2 (d, 1H, C-6) 
5.65 (d, 1H, C-7), 6.12 (t, 2H, pyrrole) 
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6.5 (t, 2H, pyrrole), 7.03 (s, 1H. thiazole-H) 
Example 58 

Synthesis of (6R,7R)-7-[(Z)-2-(2-aminothiazol-4--yl)- 

5 2^arboxynethoxyinlnoacetamido]-3-(l-aiiinoindoliummethyl )- 

-ceph-3-ea-4^carboxylate 

By following the procedure in Example 53 except that 1 . 32g(10ramol ) 
of 1-aminoindole was employed in place of 4-aminoraorphol ine, there was 
obtained 0.41g of the desired compound ( 14X) . 
10 Rf = 0.35 (in 80% aqueous acetoni tri le) 
NMR (DMS0-d6 + 20* DC1, 8) 

3.47—4.0 (m, 3H, C-2, C-3), 4.62—5.0 (m, 1H, C-3) 
4.7 (s, 2H>, 5.2 (d, 1H, C-6) 
5.55 (d, 1H, C-7), 6.47 (d, 1H, indole) 
15 7.01 (s, 1H, thiazole-H), 7.03—8.0 (ra, 5U, phenyl) 



Example 59 . 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-y 1 )- 
2-carboxynethoxyiminoacetamido]--3-[(l-an)ino-4- 
2 0 hydroxy p i per i d in i urn ) met hy 1 ] -ceph-3-em-4 -car boxy 1 ate 

By following the procedure in Example 53 except that 1 . 16g(10ramol) 
of l-amino-4-hydroxypiperidine was employed in place of 4- 
aminomorpholine, there was obtained 0.56g of the desired compound ( 20%) . 
Rf = 0.14 (in 80% aqueous acetoni tri le) 
25 NMR (20% DC1, ) 

1.2—2.0 (m, 4H), 3.22—4.4 (m, 7H) 
4.70 (s, 2H), 4.85 — 5.21 (n, 211, C-3) 
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5.35 (d, 1H, C-6), 5,95 (d, 1H, C-7) 
7.22 (s, lH f thiazole-H) 

Example 60 

5 Synthesis of <6R. 7R)-7-[(Z)-2-(2-aainothiazol-4-yl )- 

2-carboxymethoxyiwinoacetaBndo] -3-[ ( 1-amino-l P 2 , 3- 
tria2ol-3-i urn) nethy 1 ]-ceph^3-en-4-carboxy late 

In a mixed solvent of acetonitriie (9ml) and water ( 15ml ) was 
dissolved 5.35g(40mmol) of lithium iodide, 0. 673g(8nnol) of 1-amino- 
10 1, 2 t 3-triazole was added thereto and the mixture was heated to S8t:. 
2g(4mmol) of (6R, 7R)-7-[(2)-2-(2-aminothiazoJ-4-yl)-2-carboxymetboxy- 
irainoacetauido]*-3-acetoxyraethyl-ceph-3-eu~4-carboxylic acid prepared in 
Preparation Example 4 was added and the mixture was stirred at 70— 72*C 
for 1.5 hours while adjusting the pH to 6,5—7.0. 
15 After completion of the reaction, the reaction solution was cooled 

to room temperature and the pH was adjusted to 1.5 with 3N hydrochloric 
acid. The insoluble was filtered off and the filtrate was concentrated 
under the reduced pressure followed by aluminium oxide column 
chromatography using 80% aqueous acetonitriie as an eluent. The 
20 fractions were concentrated under the reduced pressure, dissolved in a 
small amount of water and purified by HP-20 column chromatography. The 
fractions containing the desired product were concentrated under the 
reduced pressure and freeze-dried to give 0.48g of the desired 
compound (23X). 
25 Rf = 0.25 (in *80X aqueous acetonitriie) 
NMR (DMSO-do + 20X DC1. 6") 

3.4-3.72 U, 211, C-2), 4.75 (s. 211), 5.13 <q, 2H, C-3) 
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5.16 (d, 111, C-6). 5.7 (d, 111, C-7) 

7.02 (s, 1H, thiazole-H), 7.8, 8.8 (s,s, 2H, triazole) 
Example 61 

5 Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazoi-4~yl )- 

2- carboxynethoxyirainoacetamido]-3-[(l-arainobenzotriazol- 

3- i um ) Biethy 1 ] -ceph-3-em-4-car boxy 1 ate 

By following the procedure in Example 60 except that 1 . 07g(8mrool ) of 
1-arainobenzotriazole was employed in place of 1-amino-l , 2, 3-triazole, 
10 there was obtained 0.51g of the desired compound ( 22%) . 
Rf = 0.3 (in BOX aqueous acetonitrile) 
MS (FAB, M+l) = 574 
NMR (DMS0-d6 + 20% DC1 , $) 

3.82—4.1 (m, 2H ( C-2) > 4.72 (s, 2H) 
15 5.1—5.45 (q, 2H, C-3). 5.35 (d, 1H, C-6) 

5.85 (d, 1H, C-7), 7.02 (s, 1H, thiazole-H) 

7.5—8.2 (n. 4H, phenyl) 

Example. 62 

20 Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-yl )- 

2-carboxymethoxyioinoacetamido]-3-[( 1-amino-l. 2,4- 
tr iazo 1 -4-i un ) me thy 1 ] -ceph-3-em-4-carboxy J ate 

By following the procedure in Example 60 except that 0. 67g(8mmol ) of 
1-amino-l, 2, 4-triazole was employed in place of 1-amino-l , 2, 3-triazole, 
25 there was obtained 0.53g of the desired compound(25%) . 
Rf = 0.3 (in 80% aqueous acetonitrile) 
NMR (DMSO-d* + 207. DC1, d) 
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3.4-3.8 (oii 2H, C-2), 4.65 Is, 211) 
5.12 (q f 2H, C-3), 5.2 (d, Hi, C-6) 
5.6 (d, ill, C-7), 6.99 (s, 1H, thiazole-U) 
8.75, 9.68 (s,s, 2JJ, triazole) 

5 

Example 63 

Synthesis of (6R, 7R)-7-[ (Z> -2-(2-aininothiazoL-4-y 1 ) - 

2-carboxyraetJioxyiniinoacetamido]-3-[(i-arainotetrazo]-4- 
i un) methyl ] -ceph-3-em-4-carboxy late 

10 By following the procedure in Example 60 except that 0. 69g( 8mraol ) of 

1-aiainotetrazole was- employed in place of l-araino-l^^-triazole, there 
was obtained 0.43g of the desired co*)pound(19X) . 
Rf = 0.24 (in 80X aqueous acetonitri le) 
NMR (DMS0-d6 + 20% DC], d) 
15 3. 23^3. S (ra, 2H, C-2) , 4.68 (s, 2H) 

5.1 (q, 2H, C-3), 5.25 (d, 1H, C-6) 
5.7 (d, 1H, C-7), 7.05 (s, 1H, thiazoJe-il) 
9,6 (s, 1H, tetrazole-H) 



20 Preparation Example 5 

Synthesis of (6R, 7R)-7-[(Z)-2'(2-tritylaminothiazol- 

4-yl)-2~BethoxyiBiinoacetanido]-3-chJororcethyl-ceph- 
3-era-4-carboxy 1 ate 

To lOid of dichlorone thane were added 0.45g(lninoi ) of diphenylaethyl 
25 7/3-anino-3-chloromethyl-ceph-3-erB-4-carboxylate hydrochloride and 0.53g 
(1.2ho1) of (Z)-2-(2-trityianinothiazol-4-y] >-2-»ethoxyijDinoacetic 
acid. 0.4al<5iwol) of pyridine and 0. (1.2idido] ) of phosphorus 
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oxychloride were slowly added under ice-cooling and the mixture was 
stirred for 15min. 50ml of chloroform was added, and the mixture was 
washed with water and dried over anhydrous sodium sulfate. 

The solution was concentrated under the reduced presure and 
5 subjected to silica gel chromatography (2% methanol /dichlorome thane ) . 
The fractions containing tiie desired product were ^concentrated under the 
reduced pressure and crystallized from diisopropyl ether to give 0.6g of 
the desired compound(72%) . 
NMR (CDCla, 5) 
0 3.55 <bs, 2H), 4.05 (s, 3H) , 4.30 (bs, 2H) 

5.05 <d. 1H), 5.90 (dd, 1H), 6.75 ls> 1H) 
6.95 <s, 1H), 7.1—7.8 (m, 26H) 



Preparation Example 6 
15 Synthesis of diphenyl methyl (6R.7R)-7-[(2)-2-(2- 

tritylaminothia2ol-4-yi)-2-methoxyiminoacetamido]- 
3-ch 1 oromet hy l-ceph-3-em-4-carboxy 1 ate - 

To 25ml of N,N-dimethylformamide were added i.3g(3mmol) of (Z)-2-(2~ 
tritylaminothiazol-4-yl)-2-raethoxyirainoacetic acid and 1.35(3mrool ) of 

20 diphenylmethyl 7 #-amino-3-chloronethy l-ceph-3-em-4-carboxy late hydroch- 
loride. The nixture was cooled to 0°C, and 0. 53g<3. 9mmol ) of 
N-hydroxybenzotriazole hydrate and then 0.80g (3.9mmol) of IM-dicyclo- 
hexylcarbodiimide were added thereto. 

The reaction mixture was stirred for 5 hours and left to' stand 

25 overnight. " The reaction mixture was filtered and the filtered solid 
was washed with a small amount of diethyl ether. The filtrate and the 
washing were combined together and 125ml of water was added thereto. 
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The reaction mixture was extracted with ethy] acetate and washed with 
sodium bicarbonate solution and then saturated brine. The organic 
layer was dried over anhydrous sodium sulfate, concentrated under the 
reduced pressure and subjected to silica gel chroaatography (2% 
5 methanol/ dichloromethane) . The fractions containing the desired 
product were concentrated under the reduced pressure and crystallized 
from diisopropyl ether to give 1. 92g of the desired compound ( 76% ) . 
NMR (CDC1 3 . d) 

3.55 (bs, 2H>, 4.05 (s, 3H), 4.30 (bs, 21!) 
10 5.05 (d, 1H), 5.90 <dd, 1H) . 6.75 (s, 1H) 

6.95 (s, 1H), 7.1 — 7.8 (bu 26H) 



Exanple 64 

Synthesis of (6R,7R)-7-[(Z)-2~(2-aminothiazol--4-yl )- 
15 2-»ethoxyiBinoacetanido]-3-(i-aiBinopiperidiniuniiethyl)- 
ceph-3-em-4-car boxy late 
A) In 5ml of N, N-dimethy Ifornareide were dissolved 2. 52gl3. Ommol ) of 
diphenylmethyl (6R > 7R)~7-[(Z)-2-(2-tritylaainothia2ol-4-yl)-2-jnethoxy- 
ifflinoacetaaido]-3^chloroijethyl-ceph-3-eia-4«carboxyiate prepared in 
20 Preparation Example 5 or 6 and O.67g(0.45mnol) of sodiun iodide and 
0.39ml (3.6iiuaol) of 1-aminopiperidine was added ' thereto. The reixture 
was stirred at room temperature for 3 hours. To the reaction solution 
was added 15ml of water and the mixture was extracted with 
dichloromethane. The organic layer was washed with water, dried * over 
25 anhydrous magnesium sulfate, concentrated under the reduced pressure and 
subjected to silica gel chromatography (4% methanol/diehlororaethane) . 
The fractions containing the desired product were concentrated under the 
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reduced pressure to give 1.86g of di phenyl methyl (6R, 7R)-7-[(Z)-2-(2- 
tritylarainothiazol-4-;yl )-2-raethoxyiminoacetamido]--3--(l--aininopiperidiniuiD 
methyl )-ceph-3-em-4-carboxylate iodide (60%) . 

B) To 1.7ml of anisole was added 0. 6g(0. 58mmo] ) of the product 
5 obtained in the above A), 5.6rcl of trif luoroacetic acid was slowly added 
under ice-cooling and the mixture was stirred for 1 hour. Diisopropyl 
ether was added, and the resulting precipitate was filtered and dried. 
A small amount of water was added to the solid, and the pH was adjusted 
to 5-^-8 with saturated sodium bicarbonate solution. HP-20 colum 

10 chromatography was carried out by using 80% aqueous acetonitrile 
solution as an etuent. The fractions containing the desired product 
were concentrated under the reduced pressure and freeze-dried to give 
0.24g of the desired conpound (82%). 

The NMR spectra of the desired compound were the sane as those of 

15 the compound prepared in Example 3, 

Example 65 

Synthesis of (6R,7R)-7-[(Z)-2-(2-aminothiazol-4-yl)- 
2-methoxyiminoacetaraido]-3-[(4-aminomorpholin-4-ium) 
20 me thy 1 ]-ceph-3-ein-4-car boxy late 

By following the procedure in Example 64 except that 0.35g(3. 6nmol) 
of 4-aiainonorphol ine was employed in place of 1-aminopiperidine, there 
was obtained 0.63g of the desired compound (43%). 

The NMR spectra of the desired compound were the sane as those of 
25 the compound prepared in Example 2. 
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Example 66 

Synthesis of (6R, 7R)~7-[(Z)^2-(2~anijiothia2ol-4-y] )- 
2-DiethoxyijninoacetanidoJ-3-(l-arainopyrroiidiniumDiethy 1 )- 
ceph-3-em-4-carboxylate 
5 By following the procedure in Example 64 except that 0. 44g(3. 6ramol ) 

of 1-aminopyrrolidine was eaployed in place of 1-aminopiperidine , there 
was obtained 0.65g of the desired compound (45%). 

The NMR spectra of the desired compound were the sane as those of 
the compound prepared in Example 1. 
10 Example 67 

Synthesis of (6R, 7RW-[(Z)-2~(2-aminothiazol-4-yl )- 
2-methoxyiminoacetamido]-3-[ ( 1 -amino- 1 ,2,3, 6-tetrahydro- 
pyridiniuia)aethyI]-ceph-3-era-4-carboxylate 

By following the procedure in Example 64 except that 0. 53g(3. 6mmol ) 
15 of i-amino-i,2,3, 6-tetrahydropyridine was employed in place of 1- 
aminopiperidine, there was obtained 0.54g of the desired compound (36JC). 

The NMR spectra of the desired compound were the sane as those of 
the compound prepared in Example 8. 

20 Example 68 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazoi-4-yl )- 
2-methoxyiminoacetamido]-3-[ ( l-anino-4-hydroxypipe- 
ridiniura) methyl ]-ceph-3-em-4-carboxy late 

By following the procedure in Example 64 except that 0. 42g<3. 6wmol ) 
25 of l-amino-4-hydroxypiperidine was employed in place of i-anino- 
piperidine, there was obtained 0.65g of the desired compound (42%). 

The NMR spectra of the desired compound were the same as those of 
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the .compound prepared in Example 4. 
Example 69 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aninothia2ol-4-y 1 )- 
5 2-methoxyiminoacetaniido]-3-[ (2-amino-l , 2 , 3, 4-tetrahydro- 

isoquinolin-2-ium) methyl ]-ceph-3-em-4-carboxy late 

By following the procedure in Example 64 except that 0. 53g(3. 6ramol ) 
of 2-aniino-l, 2,3,4-tetrahydroisoquinoiine was employed in place of 
1-aminopiperidine, there was obtained 0.78g of the desired compound 
10 (48%). 

The NMR spectra of the desired compound were the same as those of 
the compound prepared in Example 5. 

Example 70 

15 Synthesis of <6R. 7R)-7~[ (Z)-2-(2-aminothiazol-4-y 1 )- 

2-methoxyiminoacetajBidb]-3-[(l-amino-l-raethyl-4- 
piperazinium) methyl ]-ceph-3-em-4-carboxy late 

By following the procedure in Example 64 except that 0. 55g(3. 6mmol) 
of l-amino-l-methyW-piperazinium was employed in place of 1- 
2o aminopiperidine, there was obtained l.L4g of the desired compound (75%). 

The NMR spectra of the desired compound were the same as those of 
the compound prepared in Example 11. 

Example 71 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazoI-4-yl )-2- 
methoxyiminoacetaraido]-3-[ (4-amino-l , 2 , 4-triazol-2-iuro) 
methyl ]-ceph-3-em-4-carboxylate 
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A) In 5ml of N, N-dimethylformamide were dissolved 2. 52g(3.0fl>mol ) of 
diphenylmethyl (6R, 7R)-7-[ (Z)-2-(2-trity iaminothiazol-4-yl )-2-fliethoxy~ 
irainoacetamido]-3-chloroJiethy]-ceph~3-eni-4-carboxylate prepared in 
Preparation Example 5 or 6 and 1 . 35g(9 . Onmol > of sodium iodide and 0.34g 

5 U.Omraol) of 4-amino-l , 2 , 4-triazole was added thereto. The reaction 
mixture was stirred at 45— 50 C C for 3 hours and cooled to room 
temperature. 15ml of water was added, the reaction mixture was 

extratced with dichloromethane and the organic layer was washed with 
water. The dichloromethane layer was dried over anhydrous magnesium 

10 sulfate, concentrated under the reduced pressure and subjected to silica 
gel chromatography (5X nethanol /dlchiorome thane) , The fractions 

containing the desired product were concentrated under the reduced 
pressure to give 1.71g of di phenyl methyl (6R, 7R)-7-[(Z)-2-(2- 
tritylaminothiazol-4~yl)-2-raethoxyiminoacetaBiido]-3-[(4-anino-l ,2,4- 

15 tria2ol-2-ium)methyl]-ceph-3-em--4-carboxylate iodide(56X). 

B) To i.6ml of anisole was added 0. 56g(0. 55mmol) of the compound 
prepared in the above A), 5.5nl of trif luoroacetic acid was slowly added 
under ice-cooling and the mixture was stirred for 1 hour. Diisopropyl 
ether was added, and the resulting precipitate was filtered and dried. 

20 A small amount of water was added, the pH was adjusted to 4.5—5 with 
saturated sodium bicarbonate solution and the solution was subjected to 
HP-20 column chromatography using BOX aqueous acetonitrile as an eluent. 
The fractions containing the desired product were concentrated under the 
reduced pressure and freeze-dried to give 0.2ig of the desired compound 

25 (78%). 

The NMR spectra of the desired compound were the same as those of 
the compound prepared in Example 12. 
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Example 72 

Synthesis of <6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-yl )-2- 

nethoxyiminoacetaiiidoJ^-Cd-ainiiio-l^.^triazoI-^iuni) 
methyl ] -ceph-3-em-4-car boxy J ate 

By following the procedure in Example 71 except that 0. 34g(4mraol ) of 
l-amino-l,2,4-triazole was employed in place of 4-amino-l , 2, 4-triazole, 
there was obtained 0.63g of the desired compound ( 44%) . 

The NMR spectra of the desired compound were the same as those of 
the compound prepared in Example 13. 



Example 73 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminotluazoi-4-yl )-2~ 

methoxyiminoacetajttido]-3-[(l-aminotetrazol-4-iura) 

methy 1 ] -ceph-3-em-4-carboxy 1 ate 
15 By following the procedure in Examp]e 71 except that 0. 34g(4mmol ) of 

1-arainotetrazole was employed in place of 4-amino-i, 2,4-criazole, there 
was obtained 0.6g of the desired compound (41X) . 

The NMR spectra of the desired compound were the same as those of 
the compound prepared in Example 16. 

20 

Example 74 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazoI-4-yl )-2- 

methoxyiminoacetamido]-3-[(2-amino-l,2,3 > 4-tetrahydroisoquinolin- 
2-ium) methy 1 ] -ceph-3-em-4 -car boxy J ate 

25 In 6ml of dry dichloromethane was suspended 0. 59g( 1 . 3ramol ) of (6R, 

7R)-7-[(Z)-2-(2-arainothiazol-4-yl)^2-nethoxyiminoacetamido]-3- 
acetoxyraethyl-ceph-3-em-4-carboxy] ic acid, 1. 21ml (8. Smraol ) of N, 0- 
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bistrimethylsilyl trif luoroacetamide was added thereto under gaseous 
nitrogen atnosphere and the mixture was stirred at room temperature for 
1 hour. 0.5ral(3.5ramol) of iodotrlmethy I si lane was added, and the 
resulting mixture was stirred at room temperature for 30 min, and 
5 concentrated under the reduced pressure. The residue was dissolved in 
6ml of dry acetonitri le, 0.9ml of dry tetrahydrof uran was added thereto 
and the mixture was stirred for 10 rain. 0.27g(2ramol) of 

2-araino-l,2 t 3,4-tetrahydroisoquinoline and 1ml of dry dichloromethane 
were added and the reaction mixture was stirred at room temperature for 

10 3 hours. After completion of reaction, 0. 3m 1 of water was added under 
cooling. The resulting precipitate was filtered, washed with a mixed 
solvent of acetonitri le and diethyl ether, dried and suspended in a 
small amount of water, after which the pH was adjusted to 5—6 with 
saturated sodium bicarbonate solution. Then, purification was effected 

15 by HP-20 (Mitsubishi) column chromatography using 8% aqueous ethanol as 
an eluent. The fractions containing the desired product were 

concentrated under the reduced pressure and freeze-dried to give 268mg 
of the desired compound(38%) . 

The NMR spectra of the desired compound were the same as those of 
20 the compound prepared in Example 5. 

Example 75 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazoi-4-yl )-2- 
methoxyimijioacetamido]-3-(l-aminoindoliniummethyl)- 
25 ceph-3-em-4-carboxylate 

By following the procedure in Example 74 except that 0. 27g(2mraol ) of 
1-aminoindoline was employed in place of 2-amino-l, 2,3, 4-tetrahydro- 
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isoquinoline, there was obtained 0.23g of the desired compound(34X) . 

The NMR spectra of the desired compound were the same as those of 
the compound prepared in Example 6. 

5 Exaiapie 76 

Synthesis of ( 6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-y ] )-2- 
methoxyiminoacetamido]-3-[( l-aminobenzotriazol-3-ium) 
methyl ]-ceph-3-em-4-car boxy late 

In 6ml of dry dichloromethane was suspended 0. 59g( 1 .3mmol ) of (6R, 

10 7R)-7-[(Z)-2-(2-aiiinothiazol-4-yl)-2-raethoxyirainoacetainido]-3- 

acetoxymethyl-ceph-3-em-4-carboxylic acid, 1 . 21iol ( 6. 5mmol ) of N,0- 
bistrimethylsi ly 1 trif luoroacetamide was added thereto under gaseous 
nitrogen atmosphere and the mixture was stirred at room temperature for 
i hour. 0. 5nl(3.5nmol) of iodotriraethy Isi lane was added, and the 

15 reaction mixture was stirred at room temperature for 30 min and 
concentrated under the reduced pressure. The residue was dissolved in 
6ml of dry acetonitri le, 0.9ml of dry tetrahydrof uran was added thereto 
and the mixture was stirred for 10 rain. 0. 296g(2. 2mmol ) of 1-amino- 
benzotriazole and 3ml of dry dichloromethane were added and the reaction 

20 mixture was stirred at room temperature for 5 hours. After completion 
of reaction, 0.3mi of water was added under cooling. The resulting 
precipitate was filtered, washed with a mixed solvent of acetonitri le 
and diethyl ether, dried, suspended in a small amount of water and the 
pH was adjusted to 4^-4.5 with saturated sodium bicarbonate 

25 solution. -Purification was effected by HP— 20 (Mitsubishi) column 

chromatography using 15X aqueous acetonitrile as an eluent. The 
fractions containing the desired product were concentrated under the 
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reduced pressure and free2e-dried to give 255mg of the desired compound 
(37%). 

The NMR spectra of the desired compound were the sane as those of 
the compound prepared in Example 18. 

5 

Example 77 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-y 1 >-2- 
methoxyiminoacetaniido]-3-[ ( 1-aminobenzinidazol -3-1 urn) 
methyl ]-ceph-3-em-4 -car boxylate 
10 By following the procedure in Example 76 except that O.29g(2.2iamol) 

of l~aroinobenzimidazole was employed in place of l-aminobenzotriazo]e t 
there was obtained 0.29g of the desired compound ( 42% ) , 

The NMR spectra of the desired compound were the sane as those of 
the compound prepared in Example 19. 

15 

Example 78 

Synthesis of (6R, 7R)-7-[ (Z>-2-(2-aminothiazol-4-yl )-2- 
methoxyiminoacetamido]-3-[ (1-amino-l , 4 , 5, S-tetrahydropyriiudin- 
3-ium) methyl ]-ceph-3-en-4-carboxylate 
20 By following the procedure in Example 76 except that O,22g(2.2nmoi) 

of l-aBino-l,4»5,6-tetrahydropyrioidine was eaployed in place of 
i-arainobenzotriazole f there was obtained 0.2g of the desired compound 
(31X). 

The NMR spectra of the desired compound were the sane as those of 
25 the compound prepared in Example 21. 
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Preparation Example 7 

Synthesis of 4-raethoxybenzyl 7 /? -(2-hydroxybenzylideneamino) 
-3-ch 1 orome thy 1 -ceph-3~em-4-carboxy 1 ate 

In 50ml of methanol was dissolved 4. 05g( lOmraol ) of 4-methoxybenzyl 
5 7/3 -aralno-3-chiorofflethyl-ceph-3-en-4-carboxylate hydrochloride, and 
1.28ml (12raaol) of sal icylaldehyde and i . 39ml ( lOmmol ) of triethy lamine 
were added thereto. The reaction mixture was stirred for 5 hours. The 
resulting precipitate was filtered, washed with 50ml of methanol and 
dried to give 4.26g of the desired compound ( 90%) . 
10 NMR (DMSO-dd, ) 

3.7 (d, 2H, C-2). 3.77 (s. 3H. QCH 3 ) 
4.53 (s, 2H), 5,22 <s, 2H) 

5.35 (d, 1H), 5.66 (d, 1H). 6.85—7.58 (m, 8H, phenyl) 
8.75 (s, IB) 

15 

Preparation Example 8 

Synthesis of 4-nethoxybenzy 1 7 J3 ~<2-hydroxybenzy iidenearaino) 
-3- [ (1-aminobenzotr iazol-3-ium) methyl ]-ceph-3-era-4-carboxy late 
iodide 

20 To 50ml of acetone was added 4. 73g(10ramol) of 4-methoxybenzyI 7 0- 

C 2-hy droxybenzy 1 ideneamino ) -3-ch I oromet hy 1 -ceph-3-em-4-carboxy 1 ate 
prepared in Preparation Example 7 and 1. 6gU0.7ramol) of sodium iodide 
was added thereto. The mixture was stirred for 3 hours in the 
darkness, concentrated under the reduced pressure to remove acetone. 

25 The concentrate was dissolved in acetonitri le(4. 8m I ) , and 1.07ml (lOramol) 
of sal icylaldehyde and 4. 3g(30mmol ) of i-arainobenzotriazole were added 
thereto and the mixture was stirred at 20-^25°C for 24 hours. To the 
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reaction solution was added 50ml of acetone and the insoluble was 
filtered off, A mixture of diisopropyl ether (500ol) and diethyl 

ether (500ml) was added to the filtrate. The resulting precipitate was 
filtered and dried to give 6.28g of the desired conpound (90X). 
5 NMR (DMSO-d*, # ) 

3.76 (s, 5H f 0CH 3 . C-2), 5.27 (s, 2H) 

5.43 (d. 1H, C-6). 5.82 (d, 1H, C-7) 

5.9 (q, 2H, C-3), 6.8—7.6 <m, 8)1, phenyl) 

8.0—8.33 (a, 4H), 8.83 (s. ill) 

10 

Preparation Example 9 

Synthesis of 4-nethoxybenzyl 7>3-aBino-3-[(l-aininobe:nzotria2ol- 
3-ium)methy] ]-ceph-3-em-4-carboxylate iodide 

To 25m 1 of acetonitrile was added 7g(10nimol) of 4 -net hoxy benzyl 
15 7 #-(2-hydroxybenzyl ideneamino)-3-[< l-arainobenzotriazol-3-iun)metbyl ]- 
ceph-3-em~4-carboxy late iodide prepared in the above Preparation Example 
8, and 10ml of cone. hydrochloric acid was slowly added thereto at 0— 
5^C. To the reaction nixture was added lOOnl of isopropyl alcohol, and 
the resulting precipitate was filtered and dried to give 5g of the 
20 desired compound (80%). 
NMR (DMSO-d*, ) 

3.74 (s, 5H, OCH3, C-2), 5.23 (bs, 211) 

5.4 (s, 2H, C-6, 07), 5.95 (q, 2H, C-3) 

6.8 — 7.3 (n t 411, pheny) , 8.0—8.27 (m, 4H) 

25 

Preparation Example 10 

Synthesis of 4-raethoxybenzyl (6R,7R)-7-[(Z)-2-(2-aminothiazoN 
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4-y 1 )-2-nethoxyiminoacetaraido]-3-[ (l-aminobenzotriazol-3- 
ium)methy] ]-ceph-3-em-4-carboxylate iodide 

To a mixture of phosphorus oxychloride (1.21ral ( 12mmol) and ethy] 
acetate (40ml) was added 2. 21gCllmmol ) of (Z)-2-(2-aminothiazol-4-yl )~ 
5 2~flethoxyiminoacetic acid and the mixture was stirred at 2 — 6°C for 30 
mill- 1. 12ml (i2nraoJ) of further phosphorus oxychloride was added and 
the mixture was stirred at 4— 6*C for 30 min. 0. 93ml ( 1 2ranol ) of 
N,N-d imethy 1 f orroaniide was added and the mixture was stirred at the same 
temperature for 1 hour. Thus obtained solution was added to a solution 
10 of 6.31g(10ramol) of 4-methoxybenzy 1 7 0 -aniino-3-[(l-arainobenzotriazoi-3- 
ium)methyl ]-ceph-3-em-4-carboxylate iodide prepared in Preparation 
Example 9 and 14. 8m] (60mmol) of N, 0-bistrimethylsi lyacetaraide in 40ral of 
ethyl acetate at and the mixture was stirred at -5°C for 30 

min. To the reaction solution were added 100m) of ethyl acetate and 
15 50ml of water and the plf was adjusted to 6 — 7 with sodium bicarbonate. 
The organic layer was dried over anhydrous magnesium sulfate, 
concentrated under the reduced pressure and 300ml of diisopropyl ether 
was added. The resulting precipitate was filtered and dried to give 
5.8g of the desired compound (75X). 
20 NMR (DMSO-d*, tf) 

3. 28—3. 85 (m, 5H, C-2 f OCHa), 3.9 (s, 3H, OCH3) 
5.1 (d, 1H), 5.27 (bs, 2H) , 5.6—6.0 (m, 3H) 
6.8—7.3 <m, 5H, phenyl, thiazole-H) 
8.0—8.3 (m, 4H) 

25 

Example 79 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-y 1 )-2- 
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- meUioxyiminoacetaioidoj-3-t ( l-aminobenzotriazol-3-iura) 
methyl ]-ceph-3-em-4-carboxy late 

To a mixture of trif luoroacetic acid (15ml) and anisole (7.5ml) was 
added 7.8g (lOmraol) of 4-niethoxybejizy 1 (6R, 7R)-7-[ (Z)-2-( 2-aminothiazol 
5 -4-y I )-2-wethoxyl» inoacetanido]-3-[ ( l-aiBinobenzotriazol-3-iuii) we thy 1 ]- 
ceph-3-em-4-carboxylate iodide prepared in Preparation Example 10 and 
the mixture was stirred at 35°C for 4 hours. The reaction solution was 
concentrated under the reduced pressure and added to 500ml of diethyl 
ether. The resulting precipitate was filtered, water was added thereto 
10 and the pH vas adjusted to 4—4.5. Purification was effected by HP-20 
column chroreatography using 12% aqueous ethanol as an eluent. The 
fractions containing the desired product vas concentrated under the 
reduced pressure and freeze-dried to give 3.9g of the desired compound 
(75X). 

15 The NMR spectra of the desired compound were the same as those of 

the compound prepared in Example 18. 

Preparation Example 11 

Synthesis of 7#-amino-3-[(l-aminobenzotriazol-3-iuni)methy I ]-ceph- 

20 3-eni-4-carboxylate 

In a mixture of trif luoroacetic acid (15ml) and anisole (7.5ml) was 
dissolved 6.3gU0romol ) of 4-methoxybenzy 1 7 /3 -an>ino-3-[ ( l-arainobenzo- 
triazol-S-iuiiOmethy 1 ] -ceph-3-em-4-carboxy late iodide and the solution 
was stirred at 30— 35*C for 4 hours. The reaction solution was 

25 concentrated under the reduced pressure, 500ral of diisopropyl ether was 
added, and the resulting precipitate was filtered and dried. To the 
solid was added water and purification was effected by HP-20 coiuBn 



r tRnorao: <wo 



9200961A1J.> 



WO 92/00981 



PCT/KR91/00012 



chromatography using 15% aqueous ethanol as an eluent. The fractions 
containing the desired product were concentrated under the reduced 
pressure and freeze-dried to give 2.6g of the desired compound (75%) . 
NMR (DMSO-dfi, d) 
5 3.7 (in, 2H, C-2), 5.2 (ra, 2H, C-6, C-7) 

6.0 (q, 2H, C-3), 7.9—8.4 («, 4H) 

Example 80 

Synthesis of <6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-yl >-2- 
10 fflethoxyiminoacetaiBido]-3-[Cl-aB)inoben2otriazo]-3-ium) 
methyl ]-ceph-3-em-4-carboxy late 

To a mixture of phosphorus oxychloride ( 1 # 12ml , 12mmol) and ethyl 
acetate(40ml) was added 2. 21g( llmraol ) of (Z)-2-(2-aralnothiazol-'l-y 1 )-2- 
methoxyiminoacetic acid and the mixture was stirred at 2-~6\: for 30 

15 Jain. Further 1.21ml (12mnol) of phosphorus oxychloride was added and 
the resulting mixture was stirred at 4— 6*C for 30 min, To the 
reaction solution was added 0. 93ml (12moiol ) of N, N-dimethylf orraaraide and 
the mixture was stirred at the same temperature for 1 hour. 

In 40ial of ethyl acetate were dissolved 3. 5g(10mmol ) of 7 /3 -amino-3- 

20 [(l-arainobenzotriaz6l-3-ium)inethyl ]-ceph-3-em-4-carboxylate prepared In 
Preparation Example 11 and 14.8ml (60mmol) of N, 0-bistrimethylsi iyl- 
acetaraide, the solution prepared in the above was slowly added thereto 
at -10— 5'C and the mixture was stirred at -5°C for 30 min. After 
confirming the completion of reaction, 10ml of methanol was added and 

25 the solution vas concentrated under the reduced pressure. To the 
residue was added water, the pH was adjusted to 4—4.5 and purification 
was effected by HP-20 column chromatography using 12% aqueous ethanol as 
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an eluent. The fractions containing the desired product were 

concentrated under the reduced pressure and freeze-dried to give 3.7g of 
the desired compound(70X) . 

The NMR spectra of the desired conpound were the sane as those of 
5 the conpound obtained in Example 18. 

Preparation Example 12 

Synthesis of 4-oethoxybenzy 1 ( 6R, 7R)-7-[ (Z)-2- 
(2-tritylaminothiazol-4-yl ) -^-methoxyininoacetaniidol-a- 
lO [( l-aminobenzotriazol-3-ium)iDethyl ]-ceph-3-em-4- 
carboxylate iodide 

In 1 5id 1 of dichloromethane was suspended 0. 63g(3nool ) of phosphorus 
pentachloride and the suspension was cooled to -30*C. I.2g(2. 5mrool ) of 
(Z)-2-(2-trity laminothiazol-4-y 1 )-2-nethoxyiminoacetic acid hydroclilo- 

15 ride was added slowly and the mixture was stirred at -20 15*C for 2 

hours. 1.63g(2.?5anDol> of 4-nethoxy benzyl 7 /< -amino-3-[( 1- 
ami nobenzotria2ol-3-ium)methyl]-ceph-3-em-4 -carboxylate iodide obtained 
in the above Preparation Example 9 was added to 30ml of acetonitrile, 
2.22ml (9mnol) of N,0-bistrinethylsiiyl acetaraide was added thereto and 

20 the mixture was stirred at 10—151C for 1.5 hours. To this reaction 
solution was slowly added the solution obtained in the above at -30— 
-25TC, the niixure was stirred at -20~-15'C for 1.5 hours and 20ml of 
water and 40m 1 of ethyl acetate were added. The organic layer was 
washed with saturated sodium bicarbonate solution and with saturated 

25 brine. The organic layer was dried over anhydrous sodium sulfate and 
the solid was filtered off. The filtrate was concentrated under the 
reduced pressure, and dichloromethane and diethyl ether were added. 
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The resulting precipitate was filtered and dried to give 1.68g of the 
desired compound (60%) . 
NMR (DMSO-d*, 8) 

3.6—3.8 (m, 2H, C-2), 3.83 (s, 3H) 
5 3.87 (s, 3H), 5.13 (d. 1H) , 5.3 (bs, 2H) 

5.8—6.1 (m, 3H). 6.87 (s, 1H, thiazole~H) 

6.9 — 7.5 (n, 19H>, 7.6 — 7.9 Ira, 411) 

Example 81 

10 Synthesis of (6R, 7R)-7-[ (Z)-2-( 2-aminothiazol-4~y 1 )-2- 

methoxyiminoacetattido]-3-[(l-aminobenzotriazol-3-ium) 
methyl ]-ceph-3-em~4-carboxy late 

To l.Og(lmmol) of 4-methoxy benzyl (6R,7R)-7-[(Z)-2-(2-tritylamino- 
thiazol-4-yl )-2-jnetlioxyiminoacetarttido]-3-[ ( l-aBiinobenzotriazol-3-iura) 

15 methyl ]-ceph~3-em-4-carboxy late iodide prepared in the above Preparation 
Exanple 12 were added 2ml of trif luoroacetic acid and 1ml of anisole, 
the mixture was stirred at 15— 20°C for 2 hours and concentrated under 
the reduced pressure to remove trif luoroacetic acid. Diisopropyl ether 
was added, the resulting precipitate was filtered and dissolved in 5ml 

20 of methanol. The insoluble was filtered off and the filtrate was 
concentrated under the reduced pressure. A small amount of water was 
added to the residue, the pH was adjusted to 4—4.5 and purification was 
effected by HP-20 column chromatography using 12% aqueous ethanol as an 
eluent. The fractions containing the desired compound* were 

25 concentrated under the reduced pressure and freeze-dried to give 0.4g of 
the desired compound (7 5%) . 

The NMR spectra of the desired compound were the same as those of 



9200981A1J_> 



WO 92/0098! 



PCT/KR91/000I2 



101 

the compound obtained In Exuaple 18, 

Preparation Example 13 

Synthesis of dipheny imethy I (6R,7R)-?~[(Z)-2- 
5 (2-trity 1 aminothlazol ~4-y] )-2-Biethoxylni noacetanldo]-3- 

[(4-aoino-l, 2, 4-triazol-2-iujn) methyl ]-ceph-3-eBi~4- 
carboxylate iodide 
By following the procedure in Preparation Example 12 except that 
1.62g(2. 75mnol ) of dipheny liaethy 1 7 0 -araino-3-[(4-aniino-l, 2, 4-triazoi-2- 
10 iunOmethy 1 l-ceph-3-en-4-carboxy late iodide was enployed in place of 
4-methoxybenzy 1 7 0 -araino-3-[ ( l-arainobenzotriazol-3-ium) methy I ]-ceph-3- 
e«-4-carboxylate iodide, there was obtained 1.78g of the desired 
compound (702). 
NMR (DMS0-d 6 , ) 
15 3.4—3.6 (©. 2H) f 3.78 (s. 3H) 

5.2 (d, 1H), 5.5 — 5.9 (n, 311) 
6.8 (s, 1H). 7.1 (s, 111) 
7.1—7.6 (m, 25H), 8.5, 9.3 (s, s, 2H) 
Example 82 

20 Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aninothiazol-4-yl )-2- 

methoxyiminoacetamido]-3-[ (4-a»ino-l , 2, 4-triazol-2~iuro) 
©ethy 1 ]-ceph-3-en-4-carboxylate 

By following the procedure in Example 81 except that l.Og(lnnnoi) of 
the coapound prepared in the above Preparation Example 13 was employed, 
25 there was obtained 0.37g of the desired compound (78%) . 

The NMR spectra of the desired coapound were the sarae as those of 
the compound obtained in Example 12. 
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Synthesis of (6R, 7R)-7-[ (Z) -2-(5-amino-l , 2, 4-thiadiazol-3- 
y] )-2-carboxyraethoxyiminoacetajnido]-3-[( i-arainobenzotriazol- 
3-i urn) methy 1 ] -ceph-3-em-4-car boxy I ate 
5 By following the procedure in Example 60 except that 0.5g(lramol) of 

(6R,7R)-7-[(Z)-2-(5-araino-l,2,4-thiadia2ol~3-yl)-2-carboxymethoxyimino- 
acetaraido]-3-acetoxymethyl-ceph-3-eiB-4-carboxylic acid was employed in 
place of (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4-y 1 >-2-carboxyraethoxyiraino- 
acetamido]-3-acetoxymethy l-ceph-3~era-4-carboxy I ic acid, there was 
10 obtained 0.15g of the desired compound ( 26X) . 
MS (FAB, M+l) = 575 
NMR(DMS0-d 6 + 20% DC I, 8) 

3.8—4.0 (m, 2H). 4.73 (s, 2H) 
5.L — 5.52 (n, 31i) . 5.82 (d, 1H) 
15 7.5—8.2 Cm, 4H) 

Example 84 

Synthesis of (6R, 7R)-7-[(Z)-2-(5-amino-l , 2, 4-thiadiazol-3- 
y i ) -2- ( 2-carboxyprop~2-oxy i rai no) ace tami do] -3- [ ( 1- 
20 attinobenzotriazol-3-ium)methy]]-ceph-3-em-4-carboxylate 

By following the procedure in Example 49 except that 0.57g 
( 1 . 09ibeo.1 ) of ( 8R, 7R) -7-[ (Z)-2- ( 5-anino-l , 2 , 4-thiadiazol -3-y 1 )-2-( 2- 
carboxyprop-2-oxyimino)acetamido]~3-acetoxyraethyl-ceph-3~em-4-carboxy] ic 
acid was employed, there was obtained 0.12g of the desired compound 
25 (20X). 

MS (FAB, M*l) = 603 
NMR(DMS0-d6 + 20% DC1, 8) 
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1.3 (d, 611), 3.86 — 4.1 (m, 211) 
'5.05 — 5.55 (m, 310, 5.8 (d, 1H) 
7.5 — 8.1 (m, 4H) 



5 Example 85 

Synthesis of < BR, 7R)-7-[ (Z) -:2-(5-amino-l , 2, 4-thiadiazol-3- 
y J )-2-methoxyiminoacetaniido]~3-[ ( l-aminobenzotriazol-3- 
i an ) methy 3 ] -ceph-3-em-4-carboxy 1 a te 

In a mixture of acetonitrile (1ml) and water (1.5ml) vas dissolved 
10 O.67g(5miiol) of lithium iodide and the solution was heated to 65— 67*C. 
0.24g(1.8raraol) of 1-aminobenzotriazoLe and 0. 46g(lmraol ) of (6R,7R)>7- 
[(2)-2-(5-amino-l,2,4-thiadiazo]~3~yl)-2-«ethoxyininoacetaffiido]-3- 
acetoxynethyl-ceph-3-em-4-carboxylic acid were added and the mixture vas 
stirred at 70*C for 1 hour while adjusting its pH to 6.8 — 7.1. After 
15 completion of reaction* the reaction solution was cooled to room 
I temperature and stirred for 30 tain while adjusting the pH to 1—1.5 with 

3N hydrochloric acid. The insoluble was filtered off, the filtrate was 
j concentrated under the reduced pressure and subjected to column 

chromatography over aluminium oxide and over silica gel using 80% 
20 aqueous acetonitrile as an eluent. The fractions were concentrated 
under the reduced pressure, dissolved in a snail amount of water and 
purified by HP-20(Mitsubishi) column chromatography using 15% aqueous 
ethanol as an eluent. The fractions containing the desired product 
were concentrated under the reduced pressure and freeze-dried to give 
25 0.14g of the desired compound in a pale yellowish white amorphous form 
(26.4%). 

MS (FAD, M+l) = 531 
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NMR(DMS0-d6 + 20X DC I. d) 

3.8—4,0 (m, 2H), 4.05 (s, 3H) 
5.1—5,6 (m, 3H), 5.85 <d, 1H) 
7.6—8.1 <m, 4H) 

5 

Exaiople 66 

Synthesis of ( 6R, 7R)-7-[ (Z)-2-(5-amino-l , 2, 4-thiadiazol-3- 

yl )-2-methoxyiminoacetaroido]-3-[ (1-aminobenzi raidazo] -3- 

i urn ) methy 1 ] -ceph-3-em-4-car boxy ] ate 
10 By following the procedure in Example 65 except that 0. 2<lg( 1 . 8romol ) 

of 1-arainobenzimidazole was employed in place of 3-aminobenzotriazole, 
there was obtained 0.13g of the desired compound (24%). 
MS (FAB, M+l) = 530 
NMR(DMSp-d 6 , d) 
15 3.3^3.7 <m, 2H) , 3.8 (s t 3H) 

5.05 (d, 1H), 5.4—5.85 (m, 3H) 

7.5~8.5 (jd, 4H). 10.1 (s, 1H) 

Example 87 

20 Synthesis of (6R. 7R)-7-[(Z)-2-(5-anino-l l 2, 4-thiadiazol-3- 

yl )-2-methoxyiminoacetattido]-3-[(l-aminc^ 
iun) methy 1 3 -ceph-3-em-4-carboxy 1 ate 

By following the procedure in Example 85 except that 0. 15g( 1. 8ramol ) 
of l-amino-l^^-triazole was employed in place of 1-aninobenzotriazole, 
25 there was obtained 0. 14g of the desired compound (23%). 
MS (FAB, M+i) = 481 
NNR(DMS0-dd + 20% DC I. d) 
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3.25-3.7 (■, 211), 3.8 (s. 311) 
5.1—5.3 (in, 3H). 5.6 (d, 1H) 
8.7, 9.7 <s,s, 2H) 

5 Exanple 88 

Synthesis of (6R, 7R)-7-[ (Z)-2-(2-aninothiazol-4-yl )-2- 
methoxyiminoacetanido]~3--[(l-aminobenzotriazol-3--luni) 
methyl ]-ceph-3-em-4-carboxy late sulfate 

In 4ml. of water was dissolved 0. 5g(0. 95mmol ) of ( 6R, 7R)~7-[<Z)-2- 
10 (2-aminothiazol-4-yl)-2-rietlioxyimijioacetaraidoJ-3-t (1-amiiiobejizotriazol- 
3-ium)methyl ]-ceph-3-en-4-carboxylate prepared in Example IB, the 
solution was cooled to 5*C and the pH was adjusted to 1—1.5 with 3N 
sulfuric acid. After stirring at the same temperature for 1 hour, 10ml 
of isopropyl alcohol was added and the mixture was stirred at 0— 5*C for 
15 4 hours. The resulting precipitate was filtered, washed with isopropyl 
alcohol and diethyl ether and dried to give 0.54g of the desired 
compound in a form of white crystalline solid (91%). 
ID. p. = 176'C— (decomp.) 
MS (FAB, M+l) = 628 
20 NMR (DMSO-du, 8 ) 

3.51 (q, 2H, C-2), 3.83 (s, 3H. GCH 3 ) 

5.2 (d, 1H), 5.4 — 5.94 (m, 3H) 

6.74 (s, 1H, thiazole-H) 

8.02—8.52 <m, 6H), 9.6 (d, 1H) 

25 

Exaraple 89 

Synthesis of (6R, 7R)-7-[(Z)-2-(2-aminothiazol-4-yl )-2- 
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Kethoxyiniiioacetaraldo]-3-[(4-aiDiiio-l,2,4-tria2o]-2-iuni) 
methyl ]-ceph-3~eB)-4-car boxy late sulfate 

By following the procedure in Example 88 except that 0. 2g(0. 42ramon 
of (6H»7R)-7-[(Z)-2-(2-aiainothiazol-4-yl)-2-niethoxyiffiinoaceta]nido]-3- 
5 [(4*amino-l f 2 # 4-tria2ol-2-iuin)inethyl]*ceph-3-em-4-carboxylate prepared 
in Example 12 was employed in place of (6R,7R)-7[(Z)-2-(2-aininothiazol- 
4-yl )-2~methoxyiiainoacetaraido]-3-[(l~aBiinoben2otriazol-3-iuni) nethyl ]- 
ceph-3-em-4-carboxylate, there was obtained 0.22g of the desired 
compound (91. 3%). 
10 NMR (DMS0-d 6 , 8 ) 

3.5 U, 2H, C-2), 3.83 (s, 3H, 0CH 3 ) 

5.1 (d, 1H, C-6), 5.4—5.85 (n f 3H, C-7, C-3) 

6.75 (s, 1H, thiazole-H), 8.76, 9.81 (s, s, 2H, triazole) 



15 Example 90 

Synthesis of (6R, 7R)-7-£(Z)-2-(2-aminothiazoi-4-yl )-2- 
methoxyiBiinoacetanido]-3-[(l-aminobenzLniidazol-3-luni) 
inethyl]-ceph-3-em-4-carboxylate sulfate 

By following the procedure in Example 88 except that 0. 25g(0. 47mmol ) 
20 of (6R ( 7R)"7-[(Z)-2-(2-aminothiazol-4-yl)-2-methoxyiminoacetamido]-3- 

[ (i-arainobenzimidazol-3-iujii) methyl ]-ceph-3~eiD-4-carboxy late Prepared in 
Example 19 was employed in place of (6R, 7R)-7-[ (Z)-2-(2-aminothiazol-4- 
yl)-2-methoxyiminoacetamido]-3-[(l-aiDinobenzotriazol-3-iuiD)niethyl]-ceph- 
3-em-4-carboxylate, there was obtained 0.26g of the desired compound 
25 (88%). 

NMR (DMS0-d 6 , 

3.3—3.6 (m, 2H, C-2), 3.81 (s, 3H, 0CH 3 ) 



BNSDOCIO: <WO_ 920096 1A 1 _l_> 



WO 92/00981 



PCT/KR91/00012 



107 



5.08 (d, 1H, C-6). 5.5 — 5.9 (n, 3H, C-7, C-3) 
6.76 (s, 1H. thiazole-H), 7.5—8.4 (m. 4H, phenyl) 
10.1 (s. 1H, imidazole) 

5 Example 91 

Synthesis of <6R,7R)-7-[(Z)-2-(2-aninothiazol-4-y] >-2- 
methoxyiminoacetamido]-3-[(l-aminobenzotriazoI-3-ium) 
methyl ]-ceph-3-em-4-carboxylate maleate 

In 1.5ml of water was dissolved 0. 15g(0. 28mool ) of (6R, 7R)-7-[ (Z>- 

10 2-(2-aninothiazol-4-yl)-2-B e thoxyiminoaceta B idoJ-3-[(l-aminobenzotriazol 
-3-ium)raethyl]-ceph-3-e»-4-carboxylate prepared in Exanple 18, the 
solution was cooled to 5-10t\ 0.034g(0. 29m.no I) of maleic acid was 
added thereto and the mixture was stirred at 5*C for 2 hours. A 
mixture of isopropyl alcohol (12ml) and diethyl ether(3ml) was added and 

15 the resulting mixture was stirred at 0-51C for 5 hours. The resulting 
precipitate was filtered, washed with diethyl ether and dried to give 
o.l5g of the desired compound in a form of white crystalline solid 
(82X). 

n.p. = 136'C — (decomp. ) 
20 NHR (DMSO-dfi, £) 

3.55 (q, 2H, C-2), 3.E5 (s, 3H, OCHa) 
5.19 (d, 1H), 5.4—5.96 (b, 3H) 

6.06 (s, 2H), 6.75 (s, 1H, thiazole-H), 8.03-8.48 (m. 611) 



25 
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Exaaple 92 

Synthesis of (6R, 7R>-7-[(Z)-2-(5-amino-l , 2, 4-tluadiazol-3- 
y 1 )-2-Eethoxyifiinoacetaraido]-3-[ (l-aininobenzotriazol-3-iuiD) 
methyl ]-ceph-3-em-4-carboxy late sulfate 
5 By following the procedure in Example 88 except that 0. 5g(0. 94ramol ) 

of (6R,7R)-7-[(Z)-2-(5-amino-l,2,4~thiadizaol-3-yl)-2-niethoxyiminoacet- 
amido]-3-[( 1-aminobenzo triazoJ-3-iurc ) methyl ]-ceph-3-era-4~carboxy late 
prepared in Exaisple 85 was employed in place of (6R, 7R)-7-[(Z)-2-(2- 
arainothiazol-4-y l)-2-raethoxyininoacetamido]-3-[( 1-aminobenzotr iazol-3- 
10 ium)©ethyl ]-ceph-3-em-4-carboxy]ate, there was obtained 0.51g of the 
desired compound (8B2). 
NMR (DMS0-d6. 8) 

3.75—4.0 (n, 2H), 4.03 (s, 3H> 
5.15 (d, 1H), 5.45—5.9 (m, 3H) 
15 7.7—8.05 (in, 4H) 



20 



25 
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